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PREFACE 


RTT74 is designed to control emulator units (PC4000E option board or PC4600 system) from a 
personal computer over a serial line. 


It loads symbolic files and machine language data files generated by the MELPS 740 Series 
structured relocatable assembler SRA74 and provides symbolic debugging functions. Source 
lines can be displayed and specified if the symbol file contains source line number information 
(this is referred to as source line debugging). 


This manual describes the functions and operations of RTT74. 


WHAT YOU NEED TO USE RTT74 


RTT74 runs under MS-DOS V. 2.11 and subsequent releases. The minimum memory 
requirement is 256 K bytes (user memory). Additional memory may be required to debug large 
programs. 


The reader is assumed to have sufficient knowledge of the MELPS 740 microcomputer and MS- 
DOS. Refer to the MS-DOS manual for more information concerning the following topics: 


Starting MS-DOS 
Environment variables 
Directory path, command path 
Copying files 

Editor 


PON > 


PRODUCT DESCRIPTION 
The RTT74 package contains the following items: 


1. Program disk 
2. RT1T74 User's Manual (this Manual). 


lf any of these items is missing, please contact your desis The contents of the program disk are 
as follows: 


¢ RTT74. EXE 
A program which controls the MELPS 740 debugger. 


¢ RTT74. HLP 
This file is used when RTT74 displays the help screen. 


¢ RTT74. DAT 
This file is required to start RTT74 when using an option board. 


© = Mxxxxx.MCU | | 
This file contains data specific to each MCU. It is required when using the PC4600 system. 


PROGRAM DISK BACKUP 

Copy the contents of the original disk to your current system disk and store the original program 
disk in a safe place. This disk will be used when the program is updated. The use of this program 
is limited to a registered user, or anyone who has been authorized by a registered user. It must 
be used on a single computer at any one time. 


Use the MS-DOS "copy" command to copy the files. 


INSTALLING RTT74 ON A HARD DISK 


RTT74 can be copied to a hard disk for use on a hard disk system. Copy the contents of the 
program disk to the command file directory of your hard disk. 


Use the MS-DOS "copy" command to copy the files. 


CONTENTS OF THIS MANUAL 

A MELPS 740 Series debugging system is available for the following systems: 
¢ PC4000E and option board (hereafter referred to as option board system) 
¢ PC4600 system 

RTT74 control software supports both of these systems. 


This manual first describes the use of RTT74 for an option board system and then for a PC4600 
system. 


This manual is organized as follows: 

¢ Partl: Option Board System 
This part describes the functions of RTT74 when connecting an option board system. 
Chapter 1. Overview This chapter describes the basic functions of RTT74. 


Chapter 2. Operation This chapter describes how to start and end RTT74, use of special 
function keys, and provides a command overview. 


Chapter 3. Commands This chapter describes the command syntax of each command and 
provides program examples. 


Chapter 4. Using Symbol Files This chapter describes the use of the symbolic debugging 
function and source line debugging function with actual execution examples. 
e« Part Il: PC4600 System 
This part describes the functions of RTT74 when connected a PC4600 system. 
Chapter 5. Overview 
Chapter 6. Operation 


Chapter 7. Commands This chapter describes the commands which have different 
specifications from the option board system commands and additional commands. 


Chapter 8. Basic Debugging Command Operation Example This chapter describes the 
use of basic debugging commands when using a PC4600 system with sample programs. 


° Appendices 


Appendix A: Error Messages This appendix describes the error messages that are 
displayed by RTT74 and the necessary actions. 


Appendix B: Scope of Command Address 


Appendix C: Baud Rate Setting This appendix describes how to set the baud rate of the 
PCs supported by RTT74. 


Appendix D: Cable Connection This appendix describes how to connect the PCs 
supported by RTT74 to PC4000E. 


‘Appendix E: RTT74 Specifications This appendix describes the standard MS-DOS 


environment under which the specifications where measured and the RTT74 specifications 
under that environment. 


HOW TO USE THIS MANUAL 


Read the following sections depending on the debugging system you are using. 


Option board system 

Read Part | and the Appendices. 

PC4600 system | 

Read Part Il and the Appendices. However, refer to Part | for the description of the following 
commands that are common with Part |. 


A, D, F, |, L, M, O, QUIT, S, SCOPE, SI, SHOW SOURCE, T, U, X, Z, ?, |, ; 
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LIST OF COMMANDS 


The following table lists the RTT74 commands. (OPT) indicates option board system supp 
commands in Part | and (PC4600) indicates PC4600 system support commands in Part Il. 


Commands Function 


Assembles line-by-line 


~~ 


BP (PC4600) | Specifies and displays breakpoints (batch format) 
(menu format) 

CV (PC4600) | Seta and displays coverage analysis 

D (PC4600) | Displays memory contents in hexadecimal and as ASCII data 
Writes specified word data in specified memory area 

G (OPT) | Executes a program. Breakpoint can be set. 

(PC4600) | Executes a program without breakpoints. 
GB (PC4600) | Executes a program under break condition set with the BP command. 


GL (OPT) | Controls program execution and break with source file line number. 
Loads the contents of a file (HEX, SYM) into RTT74. 


Disassembles and displays contents of program memory. 


— 


| 


Performs block transfer of memory contents. 
MAP (PC4600 
MCU (PC4600 


Sets and references mapping information in debug memory space. 


Sets target MCU specific information. 


=——_" 


Stores program memory contents into a file (HEX file). 


P (OPT) | Displays and changes break counter. 
QC (OPT) | Sets the realtime trace of break conditions. 
(PC4600) 
QD (OPT) | Displays realtime trace results (memory dump). 
(PC4600) 
QL (OPT) | Displays realtime trace results (disassembly). 
(PC4600) 
QP (PC4600) | Specifies and displays realtime trace points. (batch format) 


(menu format) 
Ends RTT74. 
Displays and changes memory contents. 
Specifies scope of local identifier. 
SHOW SOURCE | Displays source list and corresponding address. 
Displays section information. 


Stops execution of target MCU and returns from runtime command 
mode to normal command mode. 


(PC4600) 


Executes one instruction at a time and displays the internal status. 


Executes only the specified number of instructions. (Displays only 
internal status before execution). 


Displays and changes register contents. 

Resets target MCU. 

Displays a list of RTT74 commands and their usage. 
Executes an MS-DOS command from RTT74. 
Indicates comment line input. 
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PART I. OPTION BOARD SYSTEM 


CHAPTER 1. OVERVIEW 

RTT74 controls an option board system (PC4000E, MELPS 740 Series option board) from a 

personal computer running under MS-DOS and enables debugging of MELPS 740 series 

application programs. 

RTT stands for the Real-Time Trace function. However, this program can also be used with 

option boards without realtime trace functions. 

1.1 Functions 

RTT74 controls an option board system from a PC and enables the following operations: 

¢ Load assembled object file into emulator memory and execute the program. 

« Display and modify MCU registers and memories. | 

¢ Halt program execution under predefined condition and re-execute after examining the result. 

¢ Trace, MCU output address, MCU executed codes, and external signal status in realtime and 
display them after program terminates. (Realtime trace function) 

1.2 Input files 

The following files are used by RTT74: 

1. Hexadecimal file (HEX file) 

This file contains machine language data generated by LINK74. File extension is .HEX. 

2. Symbol file (SYM file) 


This file contains symbol information and source line debugging information. A SYM file is 
generated when the "-S" option is specified when linking. File extension is .SYM. 


3. Data file (DAT file) 


This file contains data specific to each option board. This file is loaded during startup and is used 
to initialize the operating mode. The file name is RTT74.DAT. 


4. Help screen file (HLP file) 
This is a normal! text file that contains help screens describing how to use RTT74. The file name 


is RTT74.HLP. The screens consist of a list of commands and a detailed description of each 
command. 


1.3 System Configuration 


1.3.1 Hardware Configuration 

The following devices are required in order to use RTT74: 
1. Personal computer 

e: PC4000E (Debugger Main Unit) 


3. PC4000P (Power Supply) 
One power supply for the PC4000E is required. 


4. MELPS 740 series option board 


5. Serial cable 
This is included when the PC4000E is purchased. 


Figure 1.1 Shows the configuration of these devices. 


1.3.2 Initial Setting of the Personal Computer 


A personal computer and a PC4000E communicate using serial I/O. For fast RTT74 processing, it 
is necessary to set the baud rate of the personal computer and the PC4000E at 9600 bps. 


1. The setup procedures for personal computers differ with each model. Refer to Appendix C, 
which lists the setup procedures for the personal computers supported by RTT74. 


2. The PC4000E baud rate can be selected by removing the front panel to access the jumper 
switches on the main board. For specific instructions, refer to the PC4000E User’s Manual. 

1.3.3 Cable Connections 

A cable must be connected between the personal computer and the PC4000E to transfer the data 


through the serial I/O. Cable connections differ with each personal computer model. For cable 
connection procedures, refer to Appendix D. 


; Personal computer PC4000E Board Target device 





Figure 1.1 System Configuration 





CHAPTER 2. OPERATION 


2.1 Starting the Program 
2.1.1 Normal Startup | 
RTT74 is started from the MS-DOS command prompt after turning on the PC4000E power. 


2.1.2 Startup Options 


RTT74 provides options shown in Table 2.1. The options can be specified in uppercase or 
lowercase. 


- Table 2.1 Startup Options 


Cn 


-HOST Specifies the host computer on which RTT74 executes. 


Either "PC9801" or "IBMPC" can be specified. 
















Example: A>RTT74 -HOST=PC9801 
Specifies the directory in which the DAT file and HLP file reside. 
Example: A>RTT74 -IA\MSC\TOOL 


Specifies the name of the file to be loaded during startup. 










If the file extension is omitted, Files with extensions.SYM and .HEX are loaded. 
Example: A>RTT74 -HOST=PC9801 SAMPLE 


2.1.3 Normal Startup Screen 


The following messages are displayed and the normal command mode is entered when RTT74 
starts up normally. 


A>RTT7 4<RET> 
MELPS 740/M38000 DEBUGGER CONTROL SOFTWARE V.2.10.00C 
Copyright 1989, 1990, 1991, MITSUBISHI ELECTRIC CORPORATION 
AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


HOST MACHINE --> IBM PC/XT/AT 


DEBUGGER SYSTEM ---> PC4000E 

MONITOR ---> V.1.3E 

MCU ---> M37450S4 (MICROPROCESSOR MODE) 
bank0O OXXX Internal bank1 2000 Internal 
bank2 4000 Internal bank3 6000 Internal 
bank4 8000 Internal bank5 A0QQO Internal 
bank6 C000 Internal bank7 E0QQ Internal 


] < Prompt indicates RTT74 is waiting for command input (If RTT function is not available the 
prompt is "—") 





2.1.4 Startup Screen when a File Name is Specified 


The following screen is displayed when the load file is specified during startup. If the file 
extension is omitted, files with extensions .SYM and .HEX are loaded. 


A>RTT74 TEST<RET> <¢- File name (extension may be omitted) 

| MELPS 740/M38000 DEBUGGER CONTROL SOFTWARE V.2.10.00C 
Copyright 1989, 1990, 1991, MITSUBISHI ELECTRIC CORPORATION 
AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


HOST MACHINE --> IBM PC/XT/AT 


DEBUGGER SYSTEM ---> PC4000E 

MONITOR  -27--> V.1.3E 

MCU -~--> M37450S4 (MICROPROCESSOR MODE) 
bankO OXXX Internal bank1 2000 Internal 
bank2_ 4000 Internal bank3 6000 Internal 
bank4 | 8000 Internal bank5 AO00O Internal 
 banké CO0O Internal bank7 EOOO Internal 


GLOBAL SYMBOL LOADED 

LOCAL SYMBOL LOADED 

SOURCE LINE DEBUG INFORMATION LOADED 

TEST.HEX TEST.SYM LOAD END --> 740 SYMBOLS DEFINED 


] 





2.1.5 Compatible PC Startup Screen 


When using a compatible PC supported by RTT74, the PC model can be specified as follows. 


A>RTT7 4<RET> 

MELPS 740/M38000 DEBUGGER CONTROL SOFTWARE V.2.10.00C 
Copyright 1989, 1990, 1991, MITSUBISHI ELECTRIC CORPORATION 
AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 

Can't support this host machine. 


SELECT NEXT COMPATIBLE MACHINE TYPE. 


NEC PC-98 SERIES 
MULTI16-IV 

IBM PC/XT/AT 
EXIT 


3<RET> <- Specify the machine with a number. 


HOST MACHINE --> IBM PC/XT/AT 


DEBUGGER SYSTEM ---> PC4000E 

MONITOR ---> V.1.3E 

MCU ---> M37450S4 (MICROPROCESSOR MODE) 
bank0O OXXX Internal bank1l 2000 Internal 
bank2 4000 Internal bank3 6000 Internal 
bank4 8000 Internal bank5 AQOO Internal 
bank6 C000 Internal bank7 E000 Internal 





2.1.6 Abnormal Startup Screen 


The following message is displayed if RTT74 cannot start normally due to communication error 
‘ between the PC and PC4000E. In this case, terminate RTT74 with “C (Ctrl+C) and check the 
PC4000E power, serial cable connections, and PC and PC4000E baud rates. 


A>RTT74<RET> 

MELPS 740/M38000 DEBUGGER CONTROL SOFTWARE V.2.10.00C 
Copyright 1989, 1990, 1991, MITSUBISHI ELECTRIC CORPORATION 
AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


HOST MACHINE --> IBM PC/XT/AT 


CONNECTING DEBUGGER < Halt operation 
8 < Enter “C 
A> 





2.2 Ending the Program 


Enter "QUIT<RET>" at the command line to stop RTT74. The following termination screen is 
displayed. 


A>RTT7 4<RET> 

MELPS 740/M38000 DEBUGGER CONTROL SOFTWARE V.2.10.00C 
Copyright 1989, 1990, 1991, MITSUBISHI ELECTRIC CORPORATION 
AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


HOST MACHINE --> IBM PC/XT/AT 


DEBUGGER SYSTEM ---> PC4000E 

MONITOR ---> V.1.3E 

MCU ---> M37450S4 (MICROPROCESSOR MODE) 
bank0O OXXX Internal bank1l 2000 Internal 
bank2 4000 Internal bank3 6000 Internal 
bank4 8000 Internal bank5 AOOO Internal 
bank6é C000 Internal bank7 E000 Internal 


]QUIT<RET> 


A> 








2.3 Special Keys 
The following keys have special functions during RTT74 execution: 
1. *S (control S) 
Pauses the screen. The program resumes AeA any key is pressed. 
2. 4C (control C) 
Forces termination of RTT74 and returns to MS-DOS prompt. 
3. 4P (control P) 


Outputs the screen to a printer. Output to printer is cancelled when “P is pressed once more. 
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2.4 Command Overview 


RTT74 provides 25 commands shown in Table 2.2. The command character is usually the 
mnemonic of the operation to be performed. 


Refer to Appendix B for the scope of commands depending on the MCU. 


Table 2.2 Commands 


A 


A Assembles line-by-line 
‘ie Displays memory contents in hexadecimal and ASCII data 
Writes specified word data in specified memory area 
Executes a program. Breakpoint can be set. 
Controls program execution and break with source file line number. 
1 | Loads the contents of a file (HEX, SYM) into RTT74. 
Disassembles and displays contents of program memory. 
Performs block transfer of memory contents. 
Stores program memory contents into a file (HEX file). 
Displays and changes break counter. 


Sets the realtime trace of break conditions. 


Displays realtime trace results (memory dump). 


Mo 
| 
Pe ec 
oo 
bo Displays realtime trace results (disassembly). 
so 


Ends RTT74. 
Displays and changes memory contents. 
Specifies scope of local identifier. 

S| Displays section information. 


SHOW SOURCE _| Displays source list and corresponding address. 


Executes program one instruction at a time and displays the internal 
Status. 


Executes only the specified number of instructions. (Displays only internal 
status before execution). 


Displays and changes register contents. 

Resets target MCU. 

Displays a list of RTT74 commands and their usage. 
ae Executes an MS-DOS command from RTT74. 


Indicates comment line input. 
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2.5 Return Code to MS-DOS 
RT1T74 always returns 0 to MS-DOS. 


2.6 Environment Variables 

RTT74 uses MS-DOS environment variables as follows: 

¢ The path for searching DAT file and HLP file can be specified. Use the environment variable 
"740DAT" to specify the path name. RTT74 searches for DAT and HLP files in the following 
sequence: 
1. Current directory 
2. Directory specified with the command parameter -| 


3. Path specified with the environment variable "740DAT" 


¢ Environment variable setting example 


A>SET 740DAT=A: \USR\DAT 


T T 


Environment variable Path name 
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CHAPTER 3. COMMANDS 


This chapter describes the syntax of each RTT74 command and provides execution examples. 


3.1 Syntax 


The symbols used in the syntax description are described below. 


3.1.1 Input Format 
Command name Parameter... 
« Command name 


- | Uppercase or lowercase character string. 
- Nodistinction is made between uppercase and lowercase characters. 


¢ Parameter 
- Anumber, string, label, symbol, or expression required by the command. 
- The parameter depends on the command. If more than one parameter is specified, the 
parameters must be separated by a comma. 
3.1.2 Symbols 


¢ Only the first 20 characters are used to identify a symbol. More than 20 characters can be 
used, but the remaining characters are ignored. 


* Uppercase and lowercase characters are distinguished. 


¢ Only the symbols defined in the loaded SYM file can be used. 


3.1.3 Numeric Values 

¢ RTT74 treats all input numbers as hexadecimal numbers. 

¢ However, the QD, QL, GL, and SHOW SOURCE commands treat input numbers as 
decimals. 


3.1.4 Register Notation 





Table 3.1 Register Notation 


lIndexregisterX |X 
lIndexregisterY | 
StackpointersS |S 
[ProgramcounterPO_ | PO 
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3.1.5 Flag Notation 
Table 3.2 Flag Notation 


Negativeflag | ON 
[Overlowflag | 
[Index X register mode flag | TT 
Breakflag |B 
[Decimalmodeflag | 
[Interrupt disabled flag | 
Zerofag’ |Z 
Ca a nceannn ieee - ae 






















3.1.6 Flag Display 


The flag status display for the T, U, and X command shows the name of the flag if the flag is set 
and "-" if not. . 


(display example) 


A=FF X=FF Y=FF F=N----I-- S=0F6 PC=EOQ00 INITIAL: 


When flags N and | are set. 





Figure 3.1 Processor Status Register Display Example 
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3.2 Commands 
The RTT74 commands are summarized in the following pages. The notational conventions are 
described below. 


[Example] 

Command Name (description) Function summary 
Command Syntax 

The command syntax is described. 


Command syntax 1 
Command syntax 2 


Command Execution Example 
The command execution example and result are shown. 


(Example) 


]SI<RET> ©  < Command input example 


#SECTION INFORMATION 

No. NAME OBJECT TYPE LENGTH SOURCE 

0000 RAMAREA SAMPLEO.R74 RAM 0100 SAMPLEO.A74 
0001 PROG1 SAMPLE1.R74 ROM 0074 SAMPLE1.A74 
0003 PROG1 SAMPLE2.R74 ROM 0077 SAMPLE2.A74 
0002 PROG2 SAMPLE1.R74 ROM 0072 SAMPLE1.A74 
] 





Description 


° The command description, precautions, and usage are described. 
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A (assemble) | a Assemble line by line 


Command Syntax 


A [Address] 


Command Execution Example 


JA E000<RET> 





(Ex 1) 


INITIAL: E000 SEI<RET> 

ADDR: E001 BAD MNEMONIC<RET> (Ex 2) 

; | 

ADDR: E001 <RET> (Ex 3) 

]A ACCUMLATOR<RET> 

ACCUMLATOR: E004 INC A<RET> 
E005 INC 0A<RET> (Ex 4) 
E007 <RET> 

]A BITSYMBOL<RET> 

BITSYMBOL: EOOE SEB 0, OA<RET> 
E010 SEB FLAG<RET> (Ex 5) 
E012 <RET> 

]A IMMEDIATE<RET> 

IMMEDIATE: E016 LDA #74<RET> (Ex 6) 
E018 LDA #DATA<RET> 
E01A <RET> 

]A ZEROPAGE<RET> 

ZEROPAGE: EQ1F LDA 74<RET> (Ex 7) 
E021 LDA DATA<RET> 
E023 <RET> 

JA ABSOLUTE<RET> 

ABSOLUTE: E028 LDA E074<RET> (Ex 8) 
E02B LDA ADDR<RET> 
EO02E <RET> 

JA RELATIVE<RET> 

RELATIVE: E031 BRA B074<RET> (Ex 9) 
E033 BRA ADDR<RET> 
E035 <RET> 

JA SPECIAL<RET> 

SPECIAL: E03A JSR FF 7 4<RET> (Ex 10) 

E03C JSR SPCL<RET> 


EQ3E <RET> 
JA INDIRECT<RET> 


INDIRECT: E043 LDA (74,X) <RET> (Ex 11) 
E045 LDA (WORK, X) <RET> 
E047 <RET> 
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Description 


The A command assembles line-by-line from the specified address and writes the 
corresponding machine code into program memory. (Example 1) 


If there is an error in the input mnemonic or operand, a question mark "?" is displayed and 
the program waits for the same address to be entered. (Example 2) 


To quit the A command, press only the ‘<RET>’ key. (Example 3) 


If the input number starts with A, Prefix it with O to distinguish it from the accumulator. 
(Example 4) 


A bit symbol can be used. (Example 5) 


The addressing mode can be specified as follows: 


Immediate addressing (Example 6) 
Prefix the immediate data with '#' when using this addressing mode. 


Zero page addressing (Example 7) 
Specify an address between 0 and FF when using this addressing mode. 


Absolute addressing (Example 8) 
Specify the absolute target address as operand when using this addressing mode. 


Relative addressing (Example 9) 
Specify the target address as operand when using this addressing mode. 


Special page addressing (Example 10) 
Specify an address between FFOO and FFFF when using this addressing mode and 
prefix the address with ‘. 


Indirect addressing (Example 11) 
Enclose the address in parentheses when using this addressing mode. 


Refer to Appendix B for the range of each address. 
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D (dump) . Display contents of memory 


Command Syntax 


D [start address] [,end address] 


Command Execution Example 


]D E089, E098<RET> 


E089 40 FO 03 20 00 
E090 FO 04 E6 40 80 
]D EO80<RET> 

E080 40 80 F9 

E090 FO 04 E6 

EQAO 00 EO CA 

EOBO FO 03 20 

E0CO FB AS 40 

E0DO 40 C8 DO 

EOEO 80 F9 C6 

EOFO 04 E6 40 

] 





Description 


* The D command displays the contents of specified memory area as hexadecimal and ASCII 
data. (Example 1) 


¢ The display is cancelled when any key is pressed. 

¢ If the start address is omitted, display starts from the address specified in the DAT file’ 
¢. Ifthe end address is omitted, 128 bytes are displayed (8 lines). (Example 2) 

* Refer to Appendix B for the range of addresses that can be specified. 


¢ Refer to Appendix B for information on how to display the M50734 data memory. 
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F (fill Fill data in memory block 


Command Syntax 


F start address, end address, data 


Command Execution Example 


]F 20,5F,74<RET> 

set 74 to OOSF 

]D 20<RET> 

0020 74 74 74 74 74 74 74 74 CECECCLCECCCCECCL 
0030 74 74 74 74 74 74 74 74 LEECCELEGCELE ELEC 
0040 74 74 74 74 74 74 74 74 CLECCELCULELLELCOL 
0050 74 74 74 74 74 74 74 74 ECECECELCECELECEL 
0060 EA EA EA EA EA EA EA EA 

0070 EA EA EA EA EA EA EA EA 

0080 EA EA EA EA EA EA EA EA 

0090 EA EA EA EA EA EA EA EA 

]F RAMTOP, RAMBOTTOM, DATA<RET> 

set 4D to 003F 


]D RAMTOP, RAMBOTTOM<RET> 


0000 4D 4D 4D 4D 4D 4D 4D 4D 4D MMMMMMMMMMMMMMMM 
0010 4D 4D 4D 4D 4D 4D 4D 4D 4D MMMMMMMMMMMMMMMM 
0020 4D 4D 4D 4D 4D 4D 4D 4D 4D MMMMMMMMMMMMMMMM 
0030 4D 4D 4D 4D 4D 4D 4D 4D 4D MMMMMMMMMMMMMMMM 
} 





Description 

¢ The F command writes data in a specified range of addresses. 

¢ The address range, must be specified as low-order address, high-order address. 
¢ The data and destination address are displayed while data is being written. 


e The operation is cancelled if any key is pressed while writing. In this case, the last address 
written is displayed. 


¢ Refer to Appendix B for the range of addresses that can be specified. 
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G (go) | Execute 


Command Syntax 


G [start address][,break address] 
G [start address],T 

G [start address],*break address 
G [start address],+break address 


Command Execution Example 


]G<RET> | (Ex 1) 
BREAK AT EBO8 | (Ex 2) 
1G E000, EB74<RET> (Ex 3) 
OFFSET 0 , BREAK ADDRESS EB74 , PASS COUNT 01 

]G START, <RET> (Ex 4) 
OFFSET 0 , BREAK ADDRESS EB74 , PASS COUNT 01. 


]G E000, T<RET> (Ex 5) 


OFFSET 0 , TRIGGER BREAK E--0 

]G START, *ANDPOINT<RET> (Ex 6) 
OFFSET 0 , AND BREAK E--0 EBO1 :ANDPOINT , PASS COUNT 01. 
1G START, tORPOINT<RET> (Ex 7) 
OFFSET 0 , OR BREAK E--0 EB87 :ORPOINT , PASS COUNT 01 

] 





Description 
¢ The Gcommand executes the program from a specified address. 
« Ifthe start address is omitted, execution starts from the current MCU address. (Example 1) 


¢ Execution is cancelled and the last address is displayed if any key is pressed while the MCU 
is executing. Then the prompt is displayed. (Example 2) 


¢ The program operation is as follows when a break address is specified: 

1. When a break address is specified and the break condition is satisfied (the address has 
been executed for the specified number of times), program execution stops and the 
program returns to the prompt display. (Example 3) 

2. Once a break address is specified, it can be omitted the next time. (Example 4) 

¢ The program operation is as follows when an external trigger is specified. 

1. When an external trigger is specified and the break condition is specified (external trigger 
is detected), realtime trace is taken and the program returns to the prompt display. 
(Example 5) 


2. Prefix the break address with '*' in order to take the AND of address break and external 
trigger. (Example 6) 


3. Prefix the break address with '+' in order to take the OR of address break and external 
trigger. (Example 7) 
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e The program counter changes as follows after a break. 


Board without RTT function Breakpoint 


Board with RTT function 


Trace Mode Before Address after executing an instruction from the breakpoint. 


About Address after executing 127 machine cycles from the 
breakpoint. 


After Address after executing 255 machine cycles from the 
breakpoint. 
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GL (go by line number) Execution by specifying line number 


Command Syntax 


GL [start line number[:start file name]][,break line number[:break file name]] 
GL [start line number[:start file name]],T 

GL [start line number[:start file name]],* break line number[:break file name] 
GL [start line number[:start file name]],+ break line number[:break file name] 


Command Execution Example 


]GL 6,14<RET> 
START 6:SAMPLE1.A74 BREAK 14:SAMPLE1.A74 
OFFSET 0 , BREAK ADDRESS E007 , PASS COUNT 
]GL 7:SAMPLE1.A74,15:SAMPLE1.A74<RET> 
START 7:SAMPLE1.A74 BREAK 15:SAMPLE1.A74 
OFFSET 0 , BREAK ADDRESS E008 , PASS COUNT 
]GL ,16:SAMPLE2.A74<RET> | 
BREAK 16:SAMPLE2.A74 


OFFSET 0 , BREAK ADDRESS E01A , PASS COUNT 
JGL 6,14<RET> 

START 6:SAMPLE1.A74 BREAK 14:SAMPLE2.A74 
OFFSET 0 , BREAK ADDRESS E018 , PASS COUNT 


]GL 9:SAMPLE1.A74,<RET> 

START 9:SAMPLE1.A74 BREAK 14:SAMPLE2.A74 
OFFSET 0 , BREAK ADDRESS E018 , PASS COUNT 

]GL 7:SAMPLE1.A74, T<RET> 

START 7:SAMPLE1.A74 

OFFSET 0 , TRIGGER BREAK E--0 

]GL 7:SAMPLE1.A74 , *15:SAMPLE1.A74<RET> 

START 7:SAMPLE1.A74 BREAK 15:SAMPLE1.A74 
OFFSET 0 , AND BREAK E--0 E008 , PASS COUNT 01 
]GL 7:SAMPLE1.A74 , +26:SAMPLE2.A74<RET> 

START 7:SAMPLE1.A74 BREAK 26:SAMPLE2.A74 
OFFSET 0 , OR BREAK E--0 EQA2 , PASS COUNT 01 


] 





Description 


« The GL command specifies the start address and breakpoint using the source file line 
number and executes the program. (Example 2) 


¢ If the start line number is not specified, execution starts from the current program counter. 
(Example 3) | 


_* The line numbers are specified as decimal numbers. 
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lf the file name is omitted and no GL command has been previously executed, the file 
corresponding to the current program counter is executed. (Example 1) 


If the file name is omitted and a GL command has been previously executed, the previously 
specified file is executed. (Example 4) 


If the break line number is omitted, the line number specified with the previous GL command 
is used. (Example 5) 


For the description of the following items, refer to the respective item for the G command: 
- Key input during MCU execution 

- Break conditions 

- External trigger break conditions 


The SYM file containing the necessary source line information must be loaded in order to use 
this command. 
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I (input) | , Loads SYM, HEX file 


Command Syntax 


| file name [, file name] 


Command Execution Example 


]I SAMPLE1<RET> (Ex 1) 
SAMPLE1.HEX SAMPLE1.SYM LOAD END --> 0 SYMBOLS DEFINED 
]I SAMPLE2<RET> (Ex 2) 
GLOBAL SYMBOL LOADED 

SAMPLE2.HEX SAMPLE2.SYM LOAD END --> 7 SYMBOLS DEFINED 
]I SAMPLE3<RET> (Ex 3) 
LOCAL SYMBOL LOADED 

SAMPLE3.HEX SAMPLE3.SYM LOAD END --> 4 SYMBOLS DEFINED 
]I SAMPLE4<RET> (Ex 4) 
SOURCE LINE DEBUG INFORMATION LOADED 

SAMPLE4.HEX SAMPLE4.SYM LOAD END --> 0 SYMBOLS DEFINED 
]I SAMPLE5<RET> 

GLOBAL SYMBOL LOADED 

LOCAL SYMBOL LOADED 

SOURCE LINE DEBUG INFORMATION LOADED 

SAMPLE5.HEX SAMPLE5.SYM LOAD END --> 2 SYMBOLS DEFINED 
]I SAMPLE.HEX, TEST.SYM<RET> (Ex 5) 
SAMPLE.HEX TEST.SYM LOAD END --> 0 SYMBOLS DEFINED 

]I SAMPLE.BAD<RET> (Ex 6) 





Description 
« The | command loads the HEX and SYM files into the debugger. 


« If the file extension is omitted, the HEX file and SYM file with the same file name is loaded 
simultaneously. 


¢« Symbolic debugging and source line debugging are enabled when the SYM file is loaded. 


« Ifthe loaded SYM file contains global symbol information, the message "GLOBAL SYMBOL 
LOADED" is displayed. (Example 2) 


¢ If the loaded SYM file contains local symbol information, the message "LOCAL SYMBOL 
LOADED" is displayed. (Example 3) 


¢ {If the loaded SYM file contains source line information, the message "SOURCE LINE DEBUG 
INFORMATION LOADED" is displayed. (Example 4) 


|-24 


If the HEX file and SYM file have different names, separate the two names with a comma. In 
this case, the file extension must be specified for both files. The files can be specified in any 
order. (Example 5) 


If a file name with extension other than .HEX or .SYM is specified, '?' is displayed. (Example 
6) 


Refer to Appendix E for the maximum number of symbols that can be defined. 
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L (list | Disassemble memory contents line by line 


Command Syntax 


L [start address ] [,end address] 


Command Execution Example 


]L E074,E083<RET> 

E074 1,A,E087 

E076 2,A,E087 

E078 E456 : TABLE, X (Ex 1) 
EO7B 88 :WORK 

EO7D 88 :WORK 

EQ7F #4A 

E081 E085 

E083 88 :WORK 

]L ,E094<RET> 

E085 E096 :SUB1 

E087 E456 :TABLE,Y 

E08A 88 :WORK 

E08C 88 :WORK 

E08E #4A 

E090 E096 :SUB1 

E092 E096 :SUB1 

E094 88 :WORK 

]L SUB1<RET> 

E096 SUB1: A 

E097 #74 

E099 88 :WORK,Y 

E09B , E456 : TABLE 

E09E (88 :WORK, X) 

EOAO E054 :SUB2 

EOA2 0,A 

EO0A3 1,88 :WORK 

EOAS 0,4A :BITSYM,E054 :SUB2 
EOA8 FF78 :SPCL 

EOAA | 27 74 (Ex 4) 


] 





Description 
¢ The L command lists the memory contents. 


¢ This list is a disassembled list of the memory contents. 
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If an address corresponds to address, immediate value, or bit symbol defined in the SYM file, 
a colon is displayed followed by the symbol. (Example 1) 


lf the start address is omitted, display starts from the last address of the previous L 
command. (Example 2) 


If the end address is omitted, 11 steps are displayed. (Example 3) 


If there is no machine language corresponding to a memory address, "??=" is displayed for 
that address. (Example 4) 


If any key is pressed while the list is being displayed, execution is cancelled and the input 
prompt is displayed. 


Refer to Appendix B for the range of addresses that can be listed with the L command. 
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M (move) Transfer data in memory block units 


Command Syntax 


M start address 1,end address,start address 2 


Command Execution Example 


]D 0,3F<RET> 
0000 00 00 00 00 
0010 00 00 00 00 
0020 EA EA EA EA 
0030 EA EA EA EA 
JM 0,F,28<RET> 
set to 0037 


]D 0, 3F<RET> 
0000 00 00 00 00 
0010 00 00 00 00 


0020 EA EA EA EA 
0030 00 00 00 00 
] 





Description 


¢ The M command transfers the data at the specified range of addresses to a different address 
in block units. 


¢ The entire block is first read into the host machine. Therefore, overlapping addresses can be 
specified as the source and destination addresses. 


¢ If the specified area cannot be read or written, execution is cancelled and '‘?' is displayed. 
Then the input prompt is displayed. 


¢ During transfer, the data is first read while displaying the source address and then written 
while displaying the destination address. 


¢ If any key is pressed while data is being read, execution is cancelled and the input prompt is 
displayed. 


¢ If any key is pressed while data is being written, execution is cancelled and the last address 
written is displayed. Then the input prompt is displayed. 


¢ Refer to Appendix B for the range of addresses that can be specified. 
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O (output) Outputs various files 


Command Syntax 


O file name.HEX[,destination area number] 


Command Execution Example 


]O0 TEST E.HEX, E<XRET> 
JO TEST F.HEX<RET> 


AREA NUMBER ? F<RET> 
] 





Description 


e 


The O command outputs the contents of program memory as Intel hexadecimal format HEX 
file. 


The block to be output must be specified following the file name separated by a comma. 
(Example 1) 


If the block to be output is omitted, you are prompted for the block number. Enter the block 


number to be output at the prompt. Refer to Appendix B for the appropriate number or 
character. (Example 2) 
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P (pass count | | _ Sets pass count 


Command Syntax 


P[count] 


Command Execution Example 


JP 2<RET> 
]P<RET> 
02 FF<RET> 


]P<RET> 
FF <RET> 


] 





Description 


« The P command specifies the number of passes to be executed before breaking at the break 
address. (Example 1) 


¢« Anerror occurs if the value is more than 1 byte or is 0. 


¢ If"P<RET>" is entered, the current count is displayed and then you are prompted for the new 
count. (Example 2) 


If only "<RET>" is entered at this point, the count remains unchanged and the input prompt is 
displayed. (Example 3) 
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QC (condition) Set realtime trace mode 


Command Syntax 


QC 


Command Execution Example 


]QC<RET> (Ex 1) 
OFFSET MODE ? ( 0 = BEFORE , 1 = ABOUT , 2 = AFTER , 9 = 
0 2<RET> 

TRIGGER TYPE ? ( 0 = EDGE , 1 = LEVEL , 9 = END ) 

0 1<RET> 

SIGNAL LOGIC ? ( 0 = LOW , = HIGH , 9 = END ) 


0 1<RET> 

] QC<RET> 

OFFSET MODE ? ( 0 = BEFORE , 1 = ABOUT , 2 = AFTER , 9 = 
2 <RET> (Ex 2) 
TRIGGER TYPE ? ( 0 = EDGE , 1 = LEVEL , 9 = END ) 

1 9<RET> (Ex 3) 


] 





Description 


¢ The QC command sets the realtime trace offset mode or trigger break condition. The 
condition is set by entering a number corresponding to a menu item. (Example 1) 


¢ Offset mode must specify whether to ttace BEFORE, ABOUT, or AFTER a breakpoint. 
¢ Trigger type and signal logic conditions are also set by entering a number. 

¢ Enter only "<RET>" if nothing is to be changed. (Example 2) 

¢ Enter "9" to end. (Example 3) 


I-31 


QD (quest-data) Display realtime trace data _ 


Command Syntax 


¢ Relative specification 
QD [display cycle] 


¢ Absolute specification 
QD [start cycle],[end cycle] 


Command Execution Example 


]G RESET, TLMODULE<RET> 
OFFSET 1 , BREAK ADDRESS. E039 :TIMODULE , PASS COUNT 01_ 


]QD<RET> (Ex 1) 
------------------ MELPS 740 ----------------- ~-- EXT --- 
TCNT SYMBOL ADDRESS DATA SYNC R/W 543210 bit 

-5 0O7F E0 0 0 1 ea Se 

-4 007E 2¢ 0 0 i Wie es ge: Vas Ca 

3 007D C8 0 0 ic ae ce. Ee Sa “a 

-2 FFF2 39 0 1 My cat ae, - ae ah 

-1 FFF3 E0 0 1 dd Ea 

ABO 0 T1MODULE: E039 E6 1 ah 2 Aa 
1 EO3A 40 0 1 Te a, Ae Ae Ah 

2 LCOUNT: 0040 39 0 1 ee Ve Come ees a 

3 LCOUNT: 0040 39 0 1 ee hy de 

4 LCOUNT: 0040 3A 0 0 Pd as A ed 

]QD -5<RET> (Ex 2) 
------------~------ MELPS 740 ----------------- --- EXT --- 
TCNT SYMBOL ADDRESS DATA SYNC R/W 543210 bit 

-10 E01C OF 0 1 tee a 
-9 E01D F3 0 1 as 
-8 E02C BD 0 1 de ae ae 
-7 BO2ZC BD (1) 1 de Ae ae AB 
—6 E02C BD 0 1 ce es Oe ae | 

]QD 5<RET> (Ex 3) 
------------------ MELPS 740 ----------------- -~-- EXT --- 
TCNT SYMBOL ADDRESS DATA SYNC R/W 5 A. 3) 2 1.0 Bit 

-5 OO7F EO 0 0 Os «ts he dey La 
-4 OO7E 2G 0 0 Te ea. A 
-3 007D C8 0 0 deb A 
-2 FFF2 39 0 1 a Ae ae ale 
-1 FFF3 E0 0 1 es ee Oa ees 
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JQD -130<RET> 


pind s See oe tee MEDS “940 eeeese ieee ee ee 
TCNT SYMBOL ADDRESS DATA SYNC R/W 543210 bit 
-128 TIMODULE: E039 E6 ol 1 Ae ae 
2497 EO3A 40 O 1 ie Hae 
=f FFF3 E0 i424. a 
ABO (0: TIMODULE: £039 E6 a a 
1 EO3A 40 14 ee 
1QD -10<RET> (Ex 4) 
a eee nen ee ee MELPS “740 Saesboeeeeuese eee eT ee 
TCNT SYMBOL ADDRESS DATA SYNC R/W 5 43210 bit 
~128 TIMODULE: E039 Ee 4 1 ier ae ies aes 
2437 EO3A 40 O 1 i a ao 4, 
-126 LCOUNT: 0040 27. «OO 1 i ee ee 
-125 LCOUNT: 0040 27. «0 1 ee a | 
-124 LCOUNT: 0040 2820 0 ae a 
2193 E03B AS ol i reas ae as 
~122 E03C 40 O 1 ie ss Hie 
-121 LCOUNT: 0040 28 320 1 t. Wae ae Be St 
-120 E03D poo 1 ee i ee 
~119 E03E 02 0 1 a Fe 4.4 
JQD 236<RET> 
weer wn nw en nn enn MELPS 740 ----------------- --- EXT --- 
TCNT SYMBOL ADDRESS DATA SYNC R/W 543210 bit 
-118 E03F E60 1 a i 
-117 T1EXIT: E041 40 0 1 fe ee, ee 
126 FFF2 39 «OO te Se ae 
127 FFF3 E0 ies es es 
]QD 10<RET> | (Ex 5) 
gekeee ce ieeoes oes MEPhS, 940) Seeasenteee ese EE ee 
TCNT SYMBOL ADDRESS DATA SYNC R/W 543210 bit 


a a -33 


JQD O<RET> 


? PARAMETER ZERO !! 
10D -5,5<RET> 


SSS SS Sa MELPS 740 
TCNT SYMBOL ADDRESS 
=5 OO07F 
-4 O07E 
—3 007D 
—2 FFF2 
-1 FFF3 
ABO 0 T1MODULE: E039 

1 E03A 
2 LCOUNT: 0040 
3 LCOUNT: 0040 
4 LCOUNT: 0040 
5 E03B 


]QD 1, -1<RET> 
? START LINE < END LINE 
JQD -300,0<RET> 

? INVALID AREA 

]QD -129,0<RET> 

? OFFSET MISS MATCH 

JQD 0,128<RET> 

? OFFSET MISS MATCH 

] 


Description 


E0 
2C 
C3 
39 
E0 
E6 
40 
39 
39 
3A 
A5 


0 


Pe OO OO OF OO Oo OG 


~---------------- --- EXT --- 
DATA SYNC 


(Ex 7) 

R/W 543210 bit 
0 Co aa 
0 se: as is a 
0 Pd a 
it fs se a 
1 ss ees ee a 
{ Ph, a 
1 es 8 
1 fd oe 
it 7 es ie ea Hee 
0 | as Pas a 
i 4 a 

(Ex 8) 

(Ex 9) 

(Ex 10) 

(Ex 11) 


¢ The QD command displays the realtime trace data together with the status of the external 


signal (6 or 4 bits). 


¢ Realtime trace must be started prior to this command with a G command. 


¢ The following information is displayed: 


1. TCNT indicates the relative number of cycles from the breakpoint. 


SYMBOL indicates the symbol corresponding to the address. 


ADDRESS indicates the status of the address bus. 


2 
3 
4. DATA indicates the status of the data bus. 
5 


SYNC indicates the signal output during instruction operand code fetch. '1' indicates that 
operand is being fetched. A SYNC value enclosed in parentheses indicates a dummy 


SYNC! and the instruction in this line is not executed. 


6. R/W is a signal indicating the direction of the data bus. '1' indicates READ and '0' 


indicates WRITE. 


1 A dummy SYNC issued before interrupt processing and not actually executed. 
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7. 


EXT indicates an external signal. 


¢ Trace area specification 


1. 


Cycle number is treated as a decimal number. 
Relative specification (with 1 parameter) 


The trace about the breakpoint is displayed upon first execution after a trace. (Example 


1) 


Specify the number of counts to be displayed following the previous QD or QL command 
display for the second and subsequent execution. 


Specify a number preceded by a minus sign to backtrack from the previous display. 
(Example 2) 


Specify an unsigned number if the display is to be forward from the previous display. 
(Example 3) 


Backtracking further after reaching the top of the trace memory area results in the same 
area being displayed. (Example 4) 


If the bottom of the trace memory area is reached, input prompt is displayed even if the 
specified number of lines is not displayed. If further area is specified, only the title line 
appears. (Example 5) 


An error occurs and the message "? PARAMETER ZERO !" is displayed if 0 is specified 
as count. Then the input prompt is displayed. (Example 6) 


2. Absolute specification (with 2 parameters) 


In this case, specify the count with breakpoint as 0. (Example 7) 


If the start cycle is greater than the end cycle, the message "? START LINE < END 
LINE" is displayed and then the input prompt is displayed. (Example 8) 


If the value is not within -255 to 255, the message "? INVALID AREA" is displayed and 
then the input prompt is displayed. (Example 9) 


The range of value that can be specified depends on the offset (specified with the QC 
commana) as shown in Table 3.3. 


Table 3.3 Range of Absolute Value for the QD and QL Command 


forest —__[Raneo 


If this range is exceeded, the message "? OFFSET MISS MATCH" is displayed and then 
the input prompt is displayed. (Examples 10, 11) 






¢ Note that the previous trace result or random data is displayed if the number of trace lines is 
less than 256 cycles. 





I-35 


QL (quest-list) List realtime trace data 


Command Syntax 


¢ Relative specification 
QL [display cycle] 


¢ Absolute specification 


QL [start cycle],[end cycle] 


Command Execution Example 


]G RESET, TIEXIT<RET> 


OFFSET 1 , BREAK ADDRESS E041 :T1EXIT , PASS COUNT 01_ 


] QL<RET> 


TCNT SYMBOL 


(Ex 1) 
MELPS 740 ------------ 
ADDRESS MNEMONIC 


-4 E03D BNE £5041 :T1EXIT 
ABO 0 TIEXIT: E041 RTI 
]QL -20<RET> (Ex 2) 
eee MELPS 740 ------------ 
TCNT SYMBOL ADDRESS MNEMONIC 
-25 0 E0Q1B BBC 4,A,E02C 
++++ INTERRUPT ---> VECTOR ADDRESS in SFFF2 


~12 T1MODULE: 
-7 


]QL 20<RET> 
TCNT SYMBOL 
=A 
ABO QO TIEXIT: 
6 
11 
13 


]QL -130<RET> 
TCNT SYMBOL 
-126 RESET: 
-124 


=4 
ABO Q T1EXIT: 


E039 INC 40 :LCOUNT 
E03B LDA 40 :LCOUNT 


(Ex 3) 
MELPS 740 ------------ 
ADDRESS MNEMONIC 
E03D BNE E041 :T1EXIT 
E041 RTI 
EQ2C LDA E65D :TABLE,X 
E02F BEQ E037 
E031 INX 


MELPS 740 ------------ 
ADDRESS MNEMONIC 
E000 SEI 
E001 CLT 


E03D BNE B041 :TIEXIT 
E041 RTI 
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JQL -20<RET> 


(Ex 4) 


-------------- MELPS 740 ------------ 
TCNT SYMBOL ADDRESS MNEMONIC 
-126 RESET: E000 SEI 
-124 E001 CLT 
-122 E002 LDX #7FE 
-120 E004 TXS 
-118 E005 LDM #40 :TI1DATA,FO 
-114 E008 LDM #00,F1 
~110 EOOB LDM #40 :T1DATA,F2 
JQL 240<RET> 
ataniontnnenheteateaieeaaienas MELPS 740 ------------ 
TCNT SYMBOL ADDRESS MNEMONIC 
-106 EOQOQE LDM~ #00,F3 
-102 E011 LDM #00,ED 
105 E035 STA 42 :WORK 
++++ INTERRUPT ---> VECTOR ADDRESS in SFFF2 
116 TIMODULE: E039 INC 40 :LCOUNT 
]QL 20<RET> (Ex 5) 
-------------- MELPS 740 ------------ 
TCNT SYMBOL ADDRESS MNEMONIC 
JQL 0 
2? PARAMETER ZERO !! 
JQL -10,10 (Ex 6) 
—------------- MELPS 740 ------------ 
TCNT SYMBOL ADDRESS MNEMONIC 
-7 EQ03B LDA 40 :LCOUNT 
-4 EQ3D BNE E041 :TIEXIT 
ABO OTL IT E041 RTI 
6 E02C LDA E65D :TABLE,X 


]QL 1, -1<RET> 
? START LINE < END LINE 
]QL -300,0<RET> 

? INVALID AREA 

JQL -129,0<RET> 

? OFFSET MISS MATCH 

]QL 0,128<RET> 

? OFFSET MISS MATCH 

] 
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Description 
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The QL command lists the contents of the realtime trace memory. 


Realtime trace must be started with a G command prior to this command. 


The following information is displayed: 


1. 


2 
3. 
4 
s) 


TCNT indicates the relative number of cycles from the breakpoint. 

SYMBOL indicates the symbol corresponding to the address. 

ADDRESS indicates the status of the address bus. 

MNEMONIC shows the instruction mnemonic. 

If an interrupt occurs, the interrupt vector address is displayed following the message: 


"444+ INTERRUPT ----> VECTOR ADDRESS in $" 


Trace area specification 


al 


Cycle number is treated as a decimal number. 
Relative specification (with 1 parameter) 


The trace about the breakpoint is displayed upon first execution after a trace. (Example 


1) 


Specify the number of counts to be displayed following the previous QD or QL command 
display for the second and subsequent execution. 


Specify a number preceded by a minus sign to backtrack from the previous display. 
(Example 2) 


Specify an unsigned number if the display is to be forward from the previous display. 
(Example 3) 


Backtracking further after reaching the top of the trace memory area results in the same 
area being displayed. (Example 4) 


If the bottom of the trace memory area is reached, input prompt is displayed even if the 
specified number of lines is not displayed. If further area is specified, only the title line 
appears. (Example 5) 


The error message is identical to the QD command. 


2. Absolute specification (with 2 parameters) 


In this case, specify the count with breakpoint as 0. (Example 6) 


The error message is identical to the QD command. 


Note that the previous trace result or random data is displayed if the number of trace lines is 
less than 256 cycles. 


Q (QUIT) End RTT74 


Command Syntax 


QUIT 


Command Execution Example 


] QUIT<RET> 
A> 


Description 


« Terminates execution of RTT74. 
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S(set) __ | Access and set memory in bytes 


Command Syntax 


S address 


Command Execution Example 


]D 70, 8F<RET> 
0070 EA EA EA EA EA EA EA EA EA EA EA EA EA EA EA EA 
0080 EA EA EA EA EA EA EA EA EA EA EA EA EA EA EA EA 


]S 74<RET> 


EA DATA<RET> 

54<RET> 

54<RET> 

37<RET> 

34<RET> 

<RET> (Ex 1) 

. <RET> (Ex 2) 
]D 70, 8F<RET> 
0070 EA EA EA EA 52 54 54 37 34 EA EA EA EA EA EA EA 
0080 EA EA EA EA EA EA EA EA EA BA EFA EA EA EA EA EA 
] 





Description 
¢ The S command displays and changes the contents of memory at the specified address. 


¢« When this command is entered, the program displays the memory contents and waits for 
input. 


- Enter the new data to change the memory contents. 


- If only "<RET>" is entered, the memory is unchanged and the contents of the next 
address is displayed. (Example 1) 


- Enter ".<RET>" to terminate the command. (Example 2) 
¢ Refer to Appendix B for the range of addresses that can be specified with the S command. 


¢« Refer to Appendix B for information on how to access M50734 data memory. 
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SCOPE 


Command Syntax 


SCOPE [relocatable file name] 
SCOPE [section number] 


SCOPE 


Command Execution Example 


OBJECT 


SAMP LEO 
SAMPLE1 
SAMP LE2 


]SI<RET> 
#SECTION INFORMATION 
No. NAME 
LIBRARY 
0000 RAMAREA 
0001 PROGI1 
0004 PROG1 
0003 PROG2 


0002 VECTOR 

JL E000, EQO02<RET> 
E000 START: 

E001 

E002 

JL E074, E0O77<RET> 
E074 .FO: 

E077 

]L F000, FO0O2<RET> 
FOQOOQO START: 

F002 

] XP<RET> 

PC=E000 


JL START<RET> 
E000 START: 
E001 


SAMPLE2 
SAMPLE1 


SEI 
CLT 
CLD 


LDA 
BEQ 


CPX 
BNE 


SEI 
CLF 


]SCOPE SAMPLE2 .R74<RET> 


JL START<RET> 
FO0OO START: 
F002 





CPX 
BNE 


Specify scope of local symbols 


TYPE START 


~.R74 RAM 0000 
~-R74 ROM E000 
.R74 ROM E074 
.R74 ROM F000 
.R74 ROM FFEO 


C786 :TABLE,X 
EO8F :.Fl 


#00 :WORK 
FOO08 :.S2 


#00 :WORK 
FO08 :.S2 


LENGTH 


0100 
0074 
008A 
0072 
0020 


(Ex 1) 


SOURCE 


SAMPLEO. 
SAMPLE1. 
SAMPLE2. 
SAMPLE2. 
SAMPLE1. 


A74 
A74 
A74 
A74 
A74 
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]JSCOPE 4<RET> 
JL ??START<RET> 
E074 ??START: 
E077 


] SCOPE<RET> 
]L START<RET> 
E000 START: 
E001 





Description 
« The SCOPE command specifies the scope of local symbols. 
* The scope of local symbols can be specified in three different ways. 
1. Relocatable file (Example 1) 
- The scope of local symbols is limited to the specified source file. 
2. Section number (Example 2) 
- The scope of local symbols is limited to the files containing the specified section. 
- This method enables the use of section local labels in the specified section. 
3. "SCOPE<RET>" (Example 3) 
- When the command its entered, the scope of local symbols is limited to the file 
corresponding to the current program counter. While the command is executing, the 
scope of local symbols is limited to the file corresponding to the file corresponding to the 


program counter of the currently processing address. 


- This is the default when RTT74 is started. 
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SHOW SOURCE (show-source-file) Display source list 


Command Syntax 


SHOW SOURCE [source file name] [,line number] 


Command Execution Example 


JSHOW SOURCE SAMPLE.A74,1 
FILE SAMPLE.A74 , LINE 1 


1 . INCLUDE SYMDEF .H 
2 . INCLUDE SFR.H 

3 - INCLUDE EXTMAIN.H 
4 ; 
5 . INCLUDE M74.MAC 
6 ; 
7 ; 
8 - SECTION MAIN 
9 .ORG OE000H 
10 »- FUNC MAIN 

11 : 

12 E000 :RESET: 

13 E000 I=l 

14 E001 T = 0 

15 E002 D= 0 

16 E003 S = $7F 

17 ; 

18 E006 A = 0 

19 E008 X = 0 

20 EOOA FOR X <= OBFH 

21 E010 [0, X] =A 

]SHOW SOURCE (Ex 1) 
FILE SAMPLE.A74 , LINE 22 

22 E012 X = ++X 

23 E013 NEXT 

24 : 

25 E015 [Port0] = 0 

26 E018 [Portl] = 0 

27 E01B [Port2] = 0 

28 EOIE [Port3] = 0 
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29 E021 [Port4] = 0 
30 E024 [Port5] = 0 
31 E027 [Port6] = 0 
32 ; 
33 EQ2A [PortODir] = OUTDIR 
34 E02D [Port1Dir] = OUTDIR 
35 E030 [Port2Dir] = INDIR 
36 E033 [Port3Dir] = 00011001B 
37 E036 [Port5Dir] = 01000101B 
38 E039 [Port6Dir] = 11111001B 
39 ; 
40 E03C [IODev] = OFF 
41 EQ3E [DevEnvir] = 0 
42 ; 
JSHOW SOURCE SAMPLE.A74 (Ex 2) 
FILE SAMPLE.A74 , LINE 1 
1 . INCLUDE SYMDEF .H 
2 - INCLUDE SFR.H 
3 - LNCLUDE EXTMAIN.H 
4 ; 
5 . INCLUDE M74.MAC 
6 ; 
7 ; 
8 . SECTION MAIN 
9 .ORG OE000H 
10 -FUNC MAIN 
11 ; 
12 E000 :RESET: 
13 E000 I = 
14 EQO1 T< 
15 E002 Di 
16 E003 S = S7F 
17 ; 
18 E006 A= 
19 E008 X = 
20 EOOA FOR xX <= OBFH 
21 E010 [O, XJ] =A 
]SHOW SOURCE ,7400 (Ex 3) 


FILE SAMPLE.A74 , LINE 7400 
7400 E041 IOout: 


|-44 


7401 E041 A = [DevEnvir] 


7402 E043 IF BIT Al == ON 
7403 E045 [lODev] = ON 
7404 E049 ELSE 
7405 E049 [IODev] = OFF 
7406 EQ4B ENDIF 
7407 ; 
7408 ; 
7409 EO4B FOR --X != 0 
7410 ; 
7411 EQA4E DO 
7412 EQ4E WHILE [TxRDY] == OFF 
7413 ; 
7414 E051 Y = [TABLE, X] 
7415 E054 IF BIT A7 
7416 E056 [Portl] = [Upper Pattern, Y] 
7417 EO5D ELSE 
7418 EQSD [Portl] = [Lower Pattern, Y] 
7419 E062 ENDIF 
7420 ; 
Description 


The SHOW SOURCE command displays the contents of the source file together with the 
absolute address. 


However, the SYM file containing the source line information must be loaded in order for the 
absolute address to be displayed. 


21 lines are displayed at once. 
The line numbers are in decimal. 
The file name and line number may be omitted. 


- If both the source file name and line number are omitted (Example 1), the lines of the 
previously displayed source file are displayed. 


- If only the line number is omitted (Example 2), display starts from line 1. 


- If only the file name is omitted (Example 3), the previously specified source file is 
displayed. 
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SI (Ssection-information Display section information 


Command Syntax 


S| 


Command Execution Example 


]SI<RET> 

#SECTION INFORMATION 

No. NAME OBJECT START LENGTH SOURCE 

0000 Z RAM SAMPLEO.R74 0000 0100 SAMPLEO.A74 
0001 MAIN SAMPLE1.R74 E000 0740 SAMPLE1.A74 
0006 MAIN SAMP LE2.R74 E740 0038 SAMPLE2.A74 


0002 SUB SAMPLE1.R74 E778 0077 SAMPLE1.A74 

0005 SUB SAMPLE2.R74 E7EF 0072 SAMP LE2 .A74 

0007 SUB SAMP LE2 .R74 E861 0045 SAMPLE2.A74 

0003 DATA SAMPLE1.R74 E8A6 0076 SAMPLE] .A74 

0008 P SRA74.R74 E91C 0085 SRA74.A74 MYLIB.LIB 
0004 VECTOR SAMPLE1.R74 FFFO 0010 SAMPLE1.A74 

] 





Description 
¢ The SI command displays the section information loaded from the SYM file. 


¢ The following section information is displayed from left to right. 


No. Section number 

NAME Section name 
OBJECT Relocatable file name 
TYPE ROM/RAM type 
START Allocation start address 


LENGTH Allocation area size 
SOURCE Source file name 
LIBRARY Library file name 
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T (trace | Step execution 


Command Syntax 


T [step count] 


Command Execution Example 


]T 3<RET> (Ex 1) 
A=00 X=00 F=N----I-- PC=E000 RESET: 
SEI 
A=00 xX=00 F=N----I-- PC=E001 
CLT 
A=00 xX=00 F=N----I-- PC=E002 
CLD 
*E003 
] T<RET> 
A=00 X=00 Y=00 F=N----I-- PC=E003 
LDX  %#7F<SPACE> 
A=00 X=7F PC=E005 
TXS 
A=00 X=7F PC=E006 
LDA #00<SPACE> 
A=00 xX=7F Y=00 F=----- IZ- PC=E008 
LDX #00<RET> 
*EQOA 
] 





Description 


The T command executes the specified number of steps from the current program counter. 
(Example 1) 


Each display line shows the status just before execution and the instruction to be executed. 
When "T<RET>" is entered, one step is executed and then input is prompted. Then a step is 
executed each time the space key is pressed. The command terminates if any other key is 
pressed. (Example 2) 

The next program counter is displayed preceded by an asterisk at the end of the T command. 


An error occurs if 0 is specified for step count. 
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U (untrace) Step execution 


Command Syntax 


U [step count] 


Command Execution Example 


]U<RET> | 

A=00 xX=00 F=N----I-- S=0BF PC=E000 RESET: 
SEI 

*E001 


]U 4<RET> 

A=00 xX=00 Y=00 F=N----I-- S=OBF PC=E001 
CLT 

*E006 

] 





Description 

« The U command displays the status before single step execution and then executes the 
specified number of steps from the current program counter. The contents of the current 
program counter is displayed preceded by an asterisk at the end of the command. 


- Each display line shows the contents of each register before execution and the 
instruction to be executed. 


- Execution is cancelled if any key is pressed during execution. 


¢ Anerror occurs if 0 is specified for step count. 
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X (examine) Examine and change register 


Command Syntax 


Examine register 
X[register name(A,X,Y,F,S,P)] 


Change register 
X{register name}value 


Command Execution Example 


] X<RET> (Ex 1) 
A=72 X=74 Y=77 F=N----I-- S=O0BF PC=E000 RESET: 
SEI 


] XA<RET> (Ex 2) 
A=72 <RET> 


] XX<RET> (Ex 3) 
X=74 1<RET> 


]XY FF<RET> (Ex 4) 


] X<RET> 
A=72 X=01 Y=FF F=N----I-- S=0BF PC=E000 RESET: 
SEI 





Description 
¢ The X command displays and changes the contents of MCU registers. 
¢ Aregister is accessed as follows: 
"X<RET>" (Example 1) 
All registers are displayed. 
- Specifying register name after "X" (Example 2) 
The contents of the specified register is displayed and the input prompt appears. 
¢ The contents of a register is changed as follows: 
- Enter the new value at the input prompt after the current contents. (Example 3) 


- To change the value directly from the input prompt, specify the new value following the 
register name when entering the X command. (Example 4) 
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— Z (reset) Reset MCU hardware 


Command Syntax 
Z 


Command Execution Example 


] Z<RET> 
] 


Description 


¢« The Zcommand resets the target MCU. 
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2? (help) Display command list 


Command Syntax 
? [command name] 


Command Execution Example 


] ?<RET> (Ex. 1) 
[Command List] VER 2.10.00 
Command | Function Description 

A | Assemble line by line. 

BP | Set and display breakpoints. (PC4600) 

OC | Force termination of RTT74. 

CV | Perform coverage analysis control. (PC4600) 

D | Display memory contents. 

F | Write specified data in specified memory area. 

G | Execute program with breakpoint. (PC4000E) 

G | Execute program without breakpoint. (PC4600) 

GB | Execute program with break condition specified with BP 
| command. (PC4600) 

GL | Execute program with address specified line number. 
| (PC4000E) 

I | Include file (HEX or SYM file) into RTT74. 

L | Display disassembled result of program memory. 

M | Block transfer contents of memory. 

MAP | Set and display debug memory space map information. 

MCU | Set unique data of target MCU. 

Qc | Set realtime trace break condition. 

QD | Display (dump format) realtime trace results. 

QL | Display (list format) realtime trace results. 


==next page: <SPACE>key, next line :<RET>key, end : other key==<SPACE> 


QP Set and display trace points. 


| 
QUIT | Stop RTT74 execution. 
SCOPE | Specify scope of local symbols. 
STI | Display section information of program being debugged. 
S | Display and change contents of memory. 
SHOW SOURCE | Display SRA source list and corresponding address. 
STOP | Stop execution of target MCU. (PC4600) 
T | Execute program step by step and display contents of 
| registers. 
U | Execute the program for the specified number of 
| repetitions after displaying the contents of registers. 
| Display and change contents of registers. 
Z | Hardware reset the target MCU. 
| 


Display RTT74 command list and usage. 
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{ | Execute MS-DOS command from RTT74. 
; | Indicates a comment line. 
] ?Z<RET> (Ex 2) 
Z (reset) MCU hardware reset 


Command format 
Z 


Command execution example 
>Z<RET> 


> 


Content 


(1) Hardware resets MCU. 


] 





Description 
¢ The ? command displays how to use each command. 


¢ When "?<RET>" is entered, the first page is displayed followed by the input prompt. The next 
page is displayed when any key is pressed. (Example 1) 


- Pressing the space key scrolls one screen. 


Entering "<RET>" scrolls one line. 
- The command is cancelled if any other key is pressed. 


e¢ If a command is specified following "?", the description of the specified command is 
displayed. (Example 2) 
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! (shell-escape Escape to shell 


Command Syntax 
! [MS-DOS command name] 


Command Execution Example 


] !<RET> 

Now MS-DOS system! 

If you return to RTT74, enter EXIT<RET>. 
Command Version 3.10 

A>SRA74 FILE -L<RET> 


A>EXIT<RET> 
] !MORE FILE.PRN<RET> 





Description 
« The !command executes an MS-DOS command (including external commands). 
¢« The command can be entered in one of the following ways. 

1. !<RET> (Example 1) 


An MS-DOS prompt is displayed and MS-DOS commands can be entered. Enter 
"EXIT<RET>" to return to RTT74 command prompt. (Example 2) 


2. !xxx<RET> (xxx: MS-DOS command) (Example 3) 


The specified MS-DOS command is executed. The RTT74 input prompt is displayed after 
execution. 


Caution 
The PATH must be set correctly in order to use the ! command. In addition, the name of the 


command file must be set to the environment variable "COMSPEC" in order to specify the load 
directory when the non-resident section of COMMAND.COM is destroyed. 
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5 (comment-line) Comment line 


Command Syntax 
; [character string] 


Command Execution Example 


]; this line is a comment. 


] 





Description 


« Any character string can be entered as comment. This line does not affect the execution of 
RT174. 
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CHAPTER 4. USING SYMBOLIC FILES 


4.1 Symbolic Debugging Function 


RTT74 enables the use of labels and symbols defined in the source program for address 
specification by loading the SYM file. The labels and symbols are also displayed during 
disassembly and tracing to simplify debugging. This is referred to as symbolic debugging. 


4.1.1 Symbol and Label Definition 


RTT74 classifies symbols and labels into the following seven types in order to facilitate debugging 
in module units. 


1. Symbols, labels, and their scope 


(a) Global label 

(b) Global symbol 

(c) Global bit symbol 
(d) Local label 

(e) Local symbol 

(f) Local bit symbol 
(g) Section local label 


¢ Global labels, global symbols, and global bit symbols are valid in the entire work area. 


¢ Local labels, local symbols, and local bit symbols are valid in the work area corresponding to 
the file in which they are defined. 


¢ Section local labels are valid in the section in which the scope is defined with the SCOPE 
command. 


2. Symbol and label search sequence 
RT1T74 searches for symbols and labels in the following sequence. 


(a) Address search sequence 


Section local label 
Local label 

Local symbol 
Global label 
Global symbol 


ey 


(b) Immediate value search sequence 


1. Local symbol 
2. Local label 

3. Global symbol 
4. Global label 


(c) Bit symbol search sequence 


1. Global bit symbol 
2. Local bit symbol 
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4.1.2 Operation Examples 


The following examples show how symbols and labels are managed. 
¢ Sample program 


- Source file 1 (WORK1.A74) 


. SECTION 
. ORG 
:ZADDRESS: 
. BLKB 


:GLOBALBIT 


- END 





- Source file 2 (ID1.A74) 


-ZEXT ZADDRESS 
LOCALIDATA -EQU 
LOCALIBIT -EQU 0,0 
. SECTION PROG1 
ORG OE000H 


SEI 
CLT 
CLD 
S = 07FH 
: GLOBALSTART: 
LOCALISTART: 
??SECTION1START: 
#LOCALIDATA 
ZADDRESS 
LOCALIBIT 
OF OOOH 
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- Source file 3 (ID2.A74) 


EXT GLOBALSTART, RESET 
.ZEXT  ZADDRESS 
LOCAL2DATA .EQU 
LOCAL2BIT .EQU 0,0 


. SECTION PROG2 
.ORG OF OOOH 
LOCAL2START: 
??SECTION2START: 
NOP 
ORA #LOCAL2DATA 
ORA ZADDRESS 
LOCAL2BIT 
JMP GLOBALSTART 


NOP 


. SECTION VECTOR 
. ORG OFFFEH 
- WORD RESET 
. END 
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- Assemble, link example 


A>SRA74 WORK<RET> 

MELPS 740 SRA74 V.1.01.01C 

Copyright 1989, 1990, MITSUBISHI ELECTRIC CORPORATION 

AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


now processing pass 1 ( WORK.A74 ) 

now procesSing pass 2 ( WORK.A74 ) 

ERROR COUNT 00000 

WARNING COUNT 00000 

STRUCTURED STATEMENT 00000 LINES 

TOTAL LINE ( SOURCE ) 00008 LINES 

TOTAL LINE ( OBJECT ) 00008 LINES 
COMMENT LINE ( SOURCE ) 00002 LINES 
COMMENT LINE ( OBJECT ) 00002 LINES 

OBJECT SIZE ( Z ) 00001 (0001) BYTES 


A>SRA74 ID1 -S<RET> 

MELPS 740 SRA74 V.1.01.01C 

Copyright 1989, 1990, MITSUBISHI ELECTRIC CORPORATION 

AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


now processing pass 1 ( ID1.A74 ) 

now processing pass 2 ( ID1.A74 ) 

ERROR COUNT 00000 

WARNING COUNT 00000 

STRUCTURED STATEMENT 00001 LINES 

TOTAL LINE ( SOURCE ) Q0021 LINES 

TOTAL LINE ( OBJECT ) 00021 LINES 
COMMENT LINE ( SOURCE ) 00001 LINES 
COMMENT LINE ( OBJECT ) 00001 LINES 

OBJECT SIZE ( PROG1 ) 00016 (0010) BYTES 


A>SRA74 ID2.A74 -S<RET> 

MELPS 740 SRA74 V.1.01.01C 

Copyright 1989, 1990, MITSUBISHI ELECTRIC CORPORATION 

AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 
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now processing pass 1 ( ID2.A74 ) 

now processing pass 2 ( ID2.A74 ) 

ERROR COUNT 00000 

WARNING COUNT 00000 

STRUCTURED STATEMENT 00000 LINES 

TOTAL LINE ( SOURCE ) 00021 LINES 

TOTAL LINE ( OBJECT ) 00021 LINES 
COMMENT LINE ( SOURCE ) 00002 LINES 
COMMENT LINE ( OBJECT ) 00002 LINES 

OBJECT SIZE ( PROG2 ) 00011 (000B) BYTES 
OBJECT SIZE ( VECTOR ) 00002 (0002) BYTES 


A>LINK74 WORK ID1 ID2,,,-S -FID<RET> 

MELPS 740 LINKER V.1.01.01C 

Copyright 1989,1990, MITSUBISHI ELECTRIC CORPORATION 

AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


now processing pass 1 
processing "WORK.R74" 
processing "ID1.R74" 
processing "ID2.R74" 

now processing pass 2 
processing "WORK.R74" 
processing "ID1.R74" 
processing "ID2.R74" 

TOTAL ROM SIZE 29 (1DH) BYTES 
TOTAL RAM SIZE 1 (1H) BYTES 
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- Section information 


The following is the section information displayed with the S| command after loading the SYM file 
and HEX file. 


JI ID<RET> 

GLOBAL SYMBOL LOADED 

LOCAL SYMBOL LOADED 

ID.HEX ID.SYM LOAD END --> 14 SYMBOLS DEFINED 
] SI<RET> | 

#SECTION INFORMATION 


No. NAME OBJECT LENGTH SOURCE 
0000 2 WORK.R74 0001 WORK .A74 
0001 PROG1 ID1.R74 0010 ID1.A74 
0002 PROG2 ID2.R74 O00B ID2.A74 
0003 VECTOR ID2.R74 0002 ID2 .A74 
] 





- Major labels and symbols 
Table 4.1 shows the major labels and symbols used in examples in the next section. 


Table 4.1 Major Labels and Symbols 


Waue[ Wane | Te SSCdSCOCi 


GLOBALSTART Global label 
LOCAL1START Local label ID1.A74 
2?SECTIONISTART | Section local label PROG1 


FOOO LOCAL2START Local label ID2.A74 
2?SECTION2START | Section local label PROG2 



























ZADDRESS Global label 
GLOBALDATA Global symbol 
LOCALIDATA Local symbol ID1.A74 
LOCAL2DATA Local symbol ID2.A74 
- Symbolic debugging example. An example of symbolic debugging using the L command is 
shown below. | 


¢ Check for valid labels and symbols with command 
Use global labels, local labels, and section local labels to verify ones that are valid. 


1. "] LGLOBALSTART,FIN1<RET>" 
Global label specification valid in entire range. 


2. "JL LOCAL1START,FIN1<RET>" 
Specification using local label in file ID1.A74. 


3. "JL LOCAL2START,FIN2<RET>" 
Specification using local label in file ID2.A74. 
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4."]L ??SECTION1START,FIN1<RET>" 
Specification using section local label in section "PROG1" (section no. 1). 


5. "JL ?2SECTION2START,FIN2<RET>" 
Specification using section local label in section "PROGa2" (section no. 2). 


Priority of labels and symbols displayed during disassembly. 
The priorities of immediate values, addresses, and bit symbols are checked. The 
operand is "0" and the following items are displayed as shown in Table 4.1. 


¢ ZADDRESS (global label) 
¢ GLOBALDATA (global symbol) 
¢ LOCAL1 DATA (local symbol) 


¢ LOCAL2DATA (local symbol) 


Check is made in the following sequence. 
(1)AND #00 (immediate value) 
(2)AND 00 (address) 

(3) CLB 0,00 (bit symbol) 


The valid labels and symbols are specified with the SCOPE command. Examples are 
provided for startup specification and three instances of the SCOPE command. 
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1. Startup 


The default at startup is equivalent to specifying "SCOPE<RET>". The program counter at startup 
is EQOOH (reset) and local labels, local symbols, and local bit symbols in the file 1D1.A74 are valid 
for commands. 


]L GLOBALSTART, FIN1<RET> 

E006 LOCALISTART: AND #00 :LOCALIDATA 
E008 AND 00 :ZADDRESS 
EOOA CLB 0,00 :LOCALIBIT 
EOO0C JMP F000 

EOOF FIN1: NOP 

]L LOCALISTART, FIN1<RET> 

E006 LOCALISTART: AND #00 :LOCALIDATA 
E008 AND 00 :ZADDRESS 
EOOA CLB 0,00 :LOCALIBIT 
E00C JMP F000 

EOOF FINI: NOP 

]L LOCAL2START, FIN2<RET> 


? 


]L ??SECTIONISTART, FIN1<RET> 


ts 


JL ??SECTION2START, FIN2<RET> 
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2. Relocatable file name (.R74) specification 


In this case, ID2.R74 is specified. The local labels, local symbols, and local bit symbols defined in 
the file ID2.A74 are valid. 


]SCOPE ID2.R74<RET> 

]L GLOBALSTART, FIN1<RET> 

E006 GLOBALSTART: AND #00 :LOCAL2DATA 
E008 AND 00 :ZADDRESS 
EOOA CLB 0,00 :LOCAL2BIT 
EO0OC UMP FOOO :LOCAL2START 
EOOF FINI: NOP 

]L LOCAL1START, FIN1<RET> 


4 


]L LOCAL2START, FIN2<RET> 


F000 LOCAL2START: NOP 

FOO1 ORA #00 :LOCAL2DATA 
F003 ORA 00 :ZADDRESS 

F005 SEB 0,00 :LOCAL2BIT 
F007 | JMP EQOQ6 :GLOBALSTART 
FOOA FIN2: NOP 

]L ??SECTIONISTART, FIN1<RET> 


2 


JL ??SECTION2START, FIN2<RET> 
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3. Section no. specification 


In this case, "1(PROG1 section)" is specified. Specifying the section number enables section 
local labels. In this case, the section local labels defined in section "PROG1" are valid. 


Furthermore, local labels defined in file ID1.A74, in which section "PROG1" belongs, are also 
valid. 


]SCOPE 1<RET> 

]L GLOBALSTART, FIN1<RET> 

E006 2?2?SECTIONISTART: AND #00 :LOCALIDATA 
E008 AND 00 :ZADDRESS 
E00A : CLB 0,00 :LOCAL1BIT 
E00C JMP F000 

EOOF FINI: NOP 

JL LOCAL1START, FIN1<RET> 

E006 2?SECTIONISTART: AND #00 :LOCALIDATA 
E008 AND 00 :ZADDRESS 
E00A CLB 0,00 :LOCAL1BIT 
E00C JMP F000 

EOOF FINI: NOP 

]L LOCAL2START, FIN2<RET> 


? 

JL ??SECTIONISTART, FIN1<RET> 

E006 ??SECTIONISTART: AND #00 :LOCALIDATA 
E008 AND 00 :ZADDRESS 
EOOA CLB 0,00 :LOCALIBIT 
EQOC JMP FOOO 

EQOF FINI: NOP 

JL ??SECTION2ZSTART, FIN2<RET> 
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4. Specification without parameter 


The result is the same as startup if no parameter is specified with the SCOPE command. 


] SCOPE<RET> 

]L GLOBALSTART, FIN1<RET> 

E006 LOCALISTART: AND #00 :LOCALIDATA 
E008 AND 00 :ZADDRESS 
EOOA CLB 0,00 :LOCALI1BIT 
EO00C JMP F000 

EOOF FINI: NOP 

]L LOCALISTART, FIN1<RET> 

E006 LOCALISTART: AND #00 :LOCALIDATA 
E008 00 :ZADDRESS 
EOOA 0,00 :LOCALIBIT 
EOOC F000 

EOOF FINI: 

]L LOCAL2START, FIN2<RET> 

? 


JL ??SECTIONISTART, FIN1<RET> 
? 


JL ??SECTION2START, FIN2<RET> 
? 


] 
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4.2 Source Line Debugging Function 

The source line debugging function enables the use of line numbers in the source file to specify 
addresses and execute the GL command. It also displays the source line corresponding to the 
executing address for the A, D, L, and X commands. 


The source file must reside in the current directory in order to use the source line debugging 
function. 


¢ Operation example 
A simple program example is used to describe the source line debugging function. 
1. Sample program (SAMPLE.A74) 


The range of instructions for source line debugging must be specified with the pseudo instructions 
",FUNC - .ENDFUNC". 


: WORK .EQU 0 
. SECTION P 
-ORG OE000H 


O7FH 
~-FUNC SAMP LE 
[WORK] = ++[WORK] 
OF FH 
FOR —--X 
Y = OFFH 
DO 
cn oY &. OFA 
[WORK] = ++[WORK] 
ENDIF 
WHILE. == 
NEXT 
-ENDFUNC SAMP LE 


. ORG OF FFEH 
.WORD RESET 
. END 
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2. Assemble link example 


A>SRA74 SAMPLE<RET> 

MELPS 740 SRA74 V.1.01.01C 

Copyright 1989, 1990, MITSUBISHI ELECTRIC CORPORATION 

AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


now processing pass 1 ( SAMPLE.A74 ) 


now processing pass 2 ( SAMPLE.A74 ) 


ERROR COUNT 00000 

WARNING COUNT 00000 

STRUCTURED STATEMENT 00011 LINES 

TOTAL LINE ( SOURCE ) 00024 LINES 

TOTAL LINE ( OBJECT ) 00024 LINES 
COMMENT LINE ( SOURCE ) 00001 LINES 
COMMENT LINE ( OBJECT ) 00001 LINES 

OBJECT SIZE ( P ) 00029 (001D) BYTES 


A>LINK74 SAMPLE, ,,—-S<RET> 

MELPS 740 LINKER V.1.01.01C 

Copyright 1989,1990, MITSUBISHI ELECTRIC CORPORATION 

AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


now processing pass 1 
processing "SAMPLE.R74" 


now processing pass 2 

processing "SAMPLE.R74" 

TOTAL ROM SIZE 8192 (2000H) BYTES 
TOTAL RAM SIZE 0 (0H) BYTES 
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3. Operation example 
(a) SHOW SOURCE command 
The SHOW SOURCE command displays absolute addresses during source line debugging. 


]I SAMPLE<RET> 
GLOBAL SYMBOL LOADED 
SOURCE LINE DEBUG INFORMATION LOADED 
SAMPLE.HEX SAMPLE.SYM LOAD END --> 1 SYMBOLS DEFINED 
]SHOW SOURCE SAMPLE.A74, 2<RET> 
FILE SAMPLE.A74 , LINE 2 

2 . SECTION P 

.ORG OE000H 


SEI 
CLT 
CLD 
S = 07FH 
»- FUNC SAMP LE 
[WORK] = ++[WORK] 
X = OFFH 
FOR --X 
Y = OFFH 
DO 
IF Y & OFH 
[WORK] = ++[WORK] 
ENDIF 
WHILE --Y 
NEXT 
. ENDFUNC SAMP LE 


.ORG OF FFEH 





(b) Address specification 


If the source file name is omitted in the specification ".line no.[source file name]", the source file 
corresponding to the current program counter is assumed. 


1D .12[SAMPLE.A74],.19[SAMPLE.A74]<RET> 
EQOA CA FO OE AO FF 98 


E010 29 OF FO 02 E6 00 88 DO FO 80 
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(c) A, L, T, X command 


The source line corresponding to each address is displayed together with the source file name 
and line number. 


]L .12,.18<RET> 


SAMP LE .A74 12 FOR --X 

EOOA DEX 

EOOB BEQ E01B 

SAMPLE .A74 13 Y = OFFH 

EOOD LDY #FF 

SAMPLE .A74 14 DO 

SAMP LE .A74 15 IF Y & OFH 

EOOF TYA 

E010 AND #0F 

E012 BEQ E016 

SAMP LE .A74 16 [WORK] = ++[WORK] 

E014 INC 00 :WORK 

SAMP LE .A74 7 ENDIF 

SAMP LE .A74 18 WHILE --Y 

E016 DEY 

] Z<RET> 

] X<RET> 

A=04 X=7F Y=FE F=----- I-C S=07F PC=E000 
SEI 

] XP<RET> 

PC=E000 .12 

] X<RET> 

SAMPLE .A74 12 FOR --X 

A=04 X=7F Y=FE F=----- I-C S=07F PC=EOOA 
DEX 

]T 3<RET> 

SAMPLE .A74 12 FOR --X 

A=04 X=7F Y=FE F=----- I-C S=07F PC=EOOA 
DEX 

A=04 X=7E Y=FE F=---B-I-C S=07F PC=E0OOB 
BEQ EOQ1B 

SAMP LE .A74 13 Y = OFFH 

A=04 X=7E Y=FE F=---B-I-C S=07F PC=EOOD 
LDY #FF 

*EOOF 


JA .12<RET> 
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SAMPLE .A74 


SAMPLE .A74 
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12 
EOOA 
E0OB 
EOOC 

13 
E0OOD 
EOOE 


POR 
NOP<RET> 
NOP<RET> 
NOP<RET> 


NOP<RET> 
<RET> 


x 


--X 


OF FH 





PART Il. PC4600 SYSTEM 
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CHAPTER 1. OVERVIEW 


This chapter describes the use of RTT74 with PC4600. 


The description of the following commands which are common with Part | are omitted. Refer to 
Part | for the details of these commands. 


A, D, F, 1, L, M, O, QUIT, S, SCOPE, SI], SHOW SOURCE, T, U, X, Z, ?, |, ; 
RTT74 controls the PC4600 system from a personal computer running under MS-DOS and 
enables debugging of MELPS 740 series application programs. _ 


1.1 Function 


The following functions have been added or enhanced compared to the use of RTT74 with option 
board systems. | 


¢« Additional functions 
- Runtime debugging function 
- Coverage analysis function 
¢ Enhanced functions 
- Realtime trace 
- Break condition 


Due to the above functional enhancements, the following commands have been enhanced or 
modified compared to the use of RTT74 with option board systems. 


a 
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1.1.1 Runtime Debugging Function 


¢« Runtime command mode is entered when an MCU execution command (G, GB) is executed 
from the normal command mode. 


¢« The prompt "Go>" is displayed in runtime command mode. 


¢« Runtime command mode enables the use of commands while the target MCU is executing 
(excluding some instructions). (Table 1.1) 


¢ Use the STOP command to stop the execution of the target MCU and exit the runtime 
command mode to return to the normal command mode. 


Table 1.1 Commands that Can be Used in Runtime Command Mode 


Execution control Reference only 
V 















Realtime trace 


QD, QL 







If the trace point is not executed, BEFORE 
mode display from the point where the 
command is executed. 


Symbol operation SCOPE, SI, SHOW 
SOURCE 


1.1.2 Coverage Analysis Function 

e The coverage analysis function records the address executed or accessed by the MCU and 
displays them after execution is stopped. This is useful in detecting unexecuted code and 
evaluating program reliability. 


¢ The coverage is measured from the start of program execution to the end. 


1.1.3 Realtime Trace Function 


The following functions have been enhanced compared with the use with the option board 
system. 


« Up to 8192 cycles can be traced. 

¢ Breakpoints and trace points can be separated to provide more detailed trace information. 
* Trace points can be set for up to 6 addresses and one external trigger. 

¢ The following trace conditions are available: 


1. Trace Before Trace-Point 
Break asynchronous BEFORE displaying 8192 cycles prior to the realtime trace point. 


2. Trace About Trace-Point 
Break asynchronous ABOUT displaying 8192 cycles about the realtime trace point. 


3. Trace After Trace-Point 
Break asynchronous AFTER displaying 8192 cycles after the realtime trace point. 
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4. Trace Before Break-Point 
Break synchronous BEFORE displaying 8192 cycles prior to the breakpoint. 


1.1.4 Break Condition 
¢  Breakpoint 


A break occurs at a breakpoint when the pass count, data, and access conditions for that 
breakpoint are all satisfied. Two address points can be specified. Twenty-eight sequential 
combination conditions with the trigger (rising/falling edge) input from an external trace cable, 
and two combinations of specified addresses (6) and pass count for each and trigger input 
from external trace cable can be set for a total of 30 different break conditions. 


* Protect break 


A break also occurs when a protected area is accessed or when an attempt is made to write 
to a read-only area. 


1.1.5 Flags 


The PC4600 system sets the following flags to "1" after a command is executed or when a 
program is stopped. 


Z command: | flag (interrupt disable flag) 
After program execution: B flag (break flag) 
Single step execution: B flag and | flag 
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1.2 Input Files 
RT1T74 uses the following files: 
¢ Hexadecimal file (HEX file) 
This file contains machine language data generated by LINK74. File extension is .HEX. 
¢ Symbol file (SYM file) 


This file contains symbol information and source line debugging information. A SYM file is 
generated when the "-S" option is specified with LINK74. File extension is .SYM. 


¢ Help screen file (HLP file) 


This is a normal text file that contains help screens describing how to use RTT74. The file 
name is RTT74.HLP. The screens consist of a list of commands and a detailed description of 
each command. 


¢ MCU file 
This file contains MCU specific information. The file name is Mxxxxx.MCU. 


The following points are different, compared to the use of RTT74 with the option board system. 


« Data file is unnecessary 
When using RTT74 with option board system, a data file (RTT74.DAT) containing information 
specific to each option board is required during startup. However, this file is not required 
when using RTT74 with PC4600 system. 


¢ MCU file may be required during MCU command execution 
The PC4600 system supports various MCUs by replacing the emulator MCU. With RTT74, 
emulator MCU specific information is specified with the MCU command. If the MCU name is 
specified as an argument, the MCU file containing the information for the specified chip is 
required. 
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1.3 System Configuration | : 


1.3.1 Hardware Configuration 
The following devices are required to use RTT74: 
1. Personal computer 
2. PC4000E debugger 
(a) PC4000E 
(b) Serial port 


3. PC4600 debugger 
(a) PC4600 
(b) M388000T-POD 


4. Emulator MCU 


Figure 1.1 shows the configuration of these devices. 








~ PC4600 system Target device 





Figure 1.1 System Configuration 
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1.3.2 Initial Setting of the Personal Computer 


A personal computer and a PC4000E communicate using serial I/O. For fast RTT74 processing, it 
is necessary to set the baud rate of the personal computer and the PC4000E at 9600 bps. 


1. The setup procedures for personal computers differ with each model. Refer to Appendix C, 
which lists the setup procedures for the personal computers that can be used with RTT74. 


2. The PC4000E baud rate can be selected by removing the front panel to access the jumper 
switches on the main board. For specific instructions, refer to the PC4000E User’s Manual. 

1.3.3 Cable connections 

A cable must be connected between the personal computer and the PC4000E to transfer the data 


through the serial I/O. Cable connections differ with each personal computer model. For cable 
connection procedures, refer to Appendix D. 
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CHAPTER 2. OPERATION 
2.1 Starting the Program 


2.1.1 Normal Startup 
RTT74 is started from the MS-DOS command prompt after turning on the PC4000E power. 


2.1.2 Startup Options 


RT1T74 provides options shown in Table 2.1. The options can be specified in uppercase or 
lowercase. 


Table 2.1 Startup Options 
[Option [Descrpion 
-HOST Specifies the host computer on which RTT74 executes. 
Either "PC9801" or "IBMPC" can be specified. 
Example: A>RTT74 -HOST=PC9801 












Specifies the directory in which the DAT file and HLP file reside. 





Example: A>RTT74 -IA\MSC\TOOL 
Specifies the target MCU. 
The MCU file is loaded and the MCU information is set in PC4600. 
Example: Z>RTT74 -MCU=M37450 


Specifies the name of the file to be loaded during startup. 















If the file extension is omitted, Files with extensions.SYM and .HEX are loaded. 
Example: A>RTT74 -HOST=PC9801 SAMPLE 


2.1.3 Normal Startup Screen 


The following messages are displayed when RTT74 starts up normally. 


A>RTT7 4<RET> 
MELPS 740/M38000 DEBUGGER CONTROL SOFTWARE V.2.10.00C 
Copyright 1989, 1990, 1991, MITSUBISHI ELECTRIC CORPORATION 
AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


HOST MACHINE --> PC9801 
DEBUGGER SYSTEM ---> PC4600 
Select MCU type 

1. M38000 SERIES 

2. Others 

> 
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¢ Enter 1 if the MCU is M38000 and 2 if otherwise. 
¢ Normal command mode is entered when MCU is specified and RTT74 starts normally. 


The startup example for each case is shown in Figure 2.1 and Figure 2.2. 


1. When M38000 Series is selected 


A>RTT74<RET> 

MELPS 740/M38000 DEBUGGER CONTROL SOFTWARE V.2.10.00C 
Copyright 1989, 1990, 1991, MITSUBISHI ELECTRIC CORPORATION 
AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


HOST MACHINE --> PC9801 


DEBUGGER SYSTEM ---> PC4600 

Select MCU type 

1. M38000 SERIES 

2. Others 

>1<RET> 

MONITOR ---> V.1.00-B 

MCU -~--> M38000 SERIES 


<— Prompt indicating RTT74 waiting for command input 





Figure 2.1 When M38000 Series is Selected 
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2. When others is selected 


A>RTT7 4<RET> 

MELPS 740/M38000 DEBUGGER CONTROL SOFTWARE V.2.10.00C 
Copyright 1989, 1990, 1991, MITSUBISHI ELECTRIC CORPORATION 
AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


HOST MACHINE --> PC9801 


DEBUGGER SYSTEM ---> PC4600 

Select MCU type 

1. M38000 SERIES 

2. Others 

>2<RET> 

Input MCU name (ex. >MCU M37450<RET> ) 

>MCU M37471<RET> <- MCU command execution using MCU name 
MONITOR ---> V.1.00-B 

MCU ---> M37471 





Figure 2.2 When Others is Selected 


ll-1 


2.1.4 Startup Screen when a File Name is Specified 


The following screen is displayed when the load file is specified during startup. If the file 
extension is omitted, files with extensions .SYM and .HEX are loaded. 


A>RTT74 TEST<RET> < File name (extension may be omitted) 

MELPS 740/M38000 DEBUGGER CONTROL SOFTWARE V.2.10.00C 
Copyright 1989, 1990, 1991, MITSUBISHI ELECTRIC CORPORATION 
AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


HOST MACHINE --> PC9801 


DEBUGGER SYSTEM ---> PC4600 

Select MCU type 

1. M38000 SERIES 

2. Others 

>1<RET> 

MONITOR ---> V.1.00-B 

MCU ---> M38000 SERIES 


GLOBAL SYMBOL LOADED 

LOCAL SYMBOL LOADED 

TEST.HEX TEST.SYM LOAD END --> 380 SYMBOLS DEFINED 
> 
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2.1.5 Compatible PC Startup Screen 


_ When using a compatible PC supported by RTT74, the PC model can be specified as follows. 


A>RTT7 4<RET> 

MELPS 740/M38000 DEBUGGER CONTROL SOFTWARE V.2.10.00C 
Copyright 1989, 1990, 1991, MITSUBISHI ELECTRIC CORPORATION 
AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 

Can't support this host machine. 


SELECT NEXT COMPATIBLE MACHINE TYPE. 


NEC PC-98 SERIES 
MULTI16-IV 

IBM PC/XT/AT 
EXIT 


3<RET> <- Specify the machine with a number. 


HOST MACHINE --> IBM PC/XT/AT 
DEBUGGER SYSTEM ---> PC4600 

Select MCU type 

1. M38000 SERIES 

2. Others 

>1<RET> 

MONITOR ---> V.1.00-B 

MCU ---> M38000 SERIES 
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2.1.6 Abnormal Startup Screen 


The following message is displayed if RTT74 cannot start normally due to communication error 
between the PC and PC4600E. In this case, terminate RTT74 with “C (Ctrl+C) and check the 
PC4000E power, serial cable connections, and PC and PC4600E baud rates. 


A>RTT74<RET> 

MELPS 740/M38000 DEBUGGER CONTROL SOFTWARE V.2.10.00C 
Copyright 1989, 1990, 1991, MITSUBISHI ELECTRIC CORPORATION 
AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


HOST MACHINE --> PC9801 


CONNECTING DEBUGGER <— Halt operation 
AG < Enter“*C 
A> 
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2.2 Ending the Program 


Enter "QUIT<RET>" at the command line to stop RTT74. The following termination screen is 
displayed. 


A>RTT7 4<RET> 

MELPS 740/M38000 DEBUGGER CONTROL SOFTWARE V.2.10.00C 
Copyright 1989, 1990, 1991, MITSUBISHI ELECTRIC CORPORATION 
AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


HOST MACHINE --> PC9801 


DEBUGGER SYSTEM ---> PC4600 

Select MCU type 

1. M38000 SERIES 

2. Others. 

>1<RET> 

MONITOR ---> V.1.00-B 

MCU ---> M38000 SERIES 


>QUIT<RET> 
A> 
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2.3 MCU Files 


In order to use RTT74 with the PC4600 system, MCU specific information must be set as shown 
in the startup example. 


The MCU command is used for this purpose. The MCU command uses the MCU name as 
argument and sets the data loaded from the MCU file. 


The MCU file contains the following data corresponding to the MCU command argument. 


e 


e 


Stack page selection bit 


MCU mode register address 
Address of SFR containing the stack page selection bit 


Stack end 


Reset vector 


The MCU file can be created as follows using an editor program. 


File name 
File name must be "MCU name.MCU". 


- Example: if the MCU is M37471 
M37471.MCU 


However, M38000.MCU corresponds to all MCUs in the M38000 series. 


Items 
Specify each of the following items in hexadecimal one item to a line (hexadecimal number 
may be in upper or lowercase) 


1. Stack page selection bit number 
2. MCU mode register address 

3. Stack end 

4. Reset vector 


(Example) M37471.MCU 


2 Stack page selection number 
FB MCU mode register address 
7F Stack end 

FFFE Reset vector 


Note: Specify only necessary items. 


115 


2.4 Command Descriptions 


RTT74 provides 30 commands shown in Table 2.2. The command character is usually the 
mnemonic of the operation to be performed. 


Table 2.2 Commands 
Function 


Commands 
Assembles line-by-line 


Sets and displays breakpoints 


< 


Measures coverage 


Displays memory contents in hexadecimal and ASCII data 
Writes specified data in specified memory area 
Executes a program without breakpoints. 


Executes program under the break condition specified with the BP 
command. 


Loads the contents of a file (HEX, SYM) into RTT74. 


Disassembles and displays contents of program memory. 


Performs block transfer of memory contents. 


<= 


A 
MCU 


Sets and access debug memory space mapping information. 
Sets target MCU specific information. 

Stores program memory contents into a file (HEX file). 

Sets the realtime trace of break conditions. __ 

Displays realtime trace results (memory dump). 

Displays realtime trace results (disassembly). 

Sets and displays realtime trace points. 

Ends RTT74. 


Displays and changes memory contents. 


QUIT 


SCOPE Specifies scope of local identifier. 


” 


rT wo 
vU 


Displays section information. 
SHOW SOURCE __| Displays source list and corresponding address. 
STOP Stops execution of the target MCU and returns to normal command mode. 


Executes program one instruction at a time and displays the internal 
Status. 


Executes only the specified number of instructions. (Displays only internal 
status before execution). 


Displays and changes register contents. 

Resets target MCU. 

Displays a list of RTT74 commands and their usage. 
Executes an MS-DOS command from RTT 74. 


Indicates comment line input. 
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2.5 Return Code to MS-DOS 
RTT74 always returns 0 to MS-DOS. 


2.6 Environment Variables 

RTT74 uses MS-DOS environment variables as follows: 

¢ The path for searching DAT file and HLP file can be specified. Use the environment variable 
"740DAT" to specify the path name. RTT74 searches for DAT and HLP files in the following 
sequence: 
1. Current directory 
2. Directory specified with command parameter "-|" 


3. Path specified with environment variable "740DAT" 


¢ Environment variable "740DAT"setting example 


A>SET 740DAT=A: \USR\DAT 
i i 


Environment variable Path name 
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CHAPTER 3. COMMANDS 


Compared to the option board system, the following commands are different for PC4600 system. 


Table 3.1 Different Commands 
Command 


Added BP, CV, GB, MAP, MCU, QP, STOP 


Modified — G, QC, QD, QL 


This chapter describes the syntax and examples of added and modified commands. 





3.1 Syntax 


The symbols used in the syntax description are described below. 


3.1.1 Input Format 
Command name = Argument... 
* Command name 


- Uppercase or lowercase character string. 
- Nodistinction is made between uppercase and lowercase characters. 


« Argument 
- Anumber, string, label, symbol, or expression required by the command. 
- The argument depends on the command. If more than one argument is specified, the 
arguments must be separated by a comma. 
3.1.2 Symbols 


¢ Only the first 20 characters are used to identify a symbol. More than 20 characters can be 
used, but the remaining characters are ignored. 


¢ Uppercase and lowercase characters are distinguished. 


e Only the symbols defined in the loaded SYM file can be used. 


3.1.3 Numeric Values 
¢ RTT74 treats all input numbers as hexadecimal numbers. 
¢ However, the items are treated as decimals: 
- Line number when source line is used to specify an address 
- QD, QL command arguments 
- Line numbers for SHOW SOURCE command 
- Pass count for BP and QP commands 


- Break combination numbers in BP and QP commands ("BP C", "QP C") 
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3.1.4 Register Notation 





Table 3.2 Register Notation 


Register names Reaister = 


ee A 


oa A RE 
nce 


Stack pointers S S 


Program counter PC ia eae 
Processor status register PS 


3.1.5 Flag Notation 
















Table 3.3 Flag Notation 


Negative flag Nd 
Breakflag | OB 
[Decimalmodeflag | 
Interrupt disabledtiag | 
Zeroflag | CZ 
[Caryflag CE 


3.1.6 Flag Display 











The flag status display for the T, U, and X command shows the name of the flag if the flag is set 
and "-" if not. 


(display example) 


A=FF X=FF Y=FF F=N----I-- S=0F6 PC=E000 INITIAL: 


When flags N and | are set. 





Figure 3.1 Processor Status Register Display Example 
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3.2 Additional and Modified Commands 


[Example] 


Command Name (description) Function summary 


Command Syntax — 

The command syntax is described. 

Command syntax 1 

Command syntax 2 

Command Execution Example 

The command execution example and result are shown. 


(Example) 


>SI<RET> < Command input example 

#SECTION INFORMATION 

No. NAME OBJECT TYPE START LENGTH SOURCE 

0000 RAMAREA SAMPLEO.R74 RAM 0000 0100 SAMP LEO .A74 


0001 PROGI1 SAMPLE1.R74 ROM E000 0074 SAMPLE1.A74 
0003 PROG1 SAMPLE2.R74 ROM  EQ74 0077 SAMPLE2 .A74 
0002 PROG2 SAMPLE1.R74 ROM FO0O 0072 SAMPLE1.A74 
> 





Description 


. The command description, precautions, and usage are described. 
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BP (breakpoint 


Command Syntax 


Set address breakpoint 1 


Access, set breakpoint (batch format) 


BP A1[=[pass count],[address][:mask],[data][:mask],[access condition]] 


Set address breakpoint 2 


BP A2[=[pass count],[address][:mask],[data][:mask],[access condition]] 


Set address breakpoint 3 
BP A3[=[pass count],[address][:mask]] 


Set address breakpoint 4 
BP A4[=[pass count],[address][:mask]] 


Set address breakpoint 5 
BP A4[=[pass count],[address][:mask]] 


Set address breakpoint 6 
BP A6[=[pass count],[address][:mask]] 


Set trigger breakpoint 
BP T[=[pass count],[H or L]] 
H is rising edge and L is falling edge 


Set break sequence 
BP C[=[pass count(1-30)]] 


Set protect break 


BP PROTECT[=WRITE (or W), ACCESS (or A), DIS]] 
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Command Execution Example 


>BP A1<RET> 
= 00001, 0000H:0000H, OOH:00H, FETCH 


Al 
Al 
Al 
Al 
Al 
Al 


Al 


1 
2 
3 
4 
5 
6 
7 
8 
9 


PPP PP Bp 
mB WN FO 


29 
30 


Pass=<RET> 
Address=WORKS : 0F<RET> 
Data=0: OF F<RET> 
Access=W<RET> 


= 00001, WORKS 0050H:000FH, OOH:FFH, WRITE 
>BP Al=<RET> 


= 00001, WORKS 0050H:QOO0FH, OOH:FFH, WRITE 


T=1, H<RET> 
00001, HIGH 

C<RET> 

A1l*A1P 15 
A2*A2P 16 
T*TP 7 
(A1*A1P) +(A2*A2P) 18 
(A1*A1P) +(T*TP) 19 
(AL*A1P) +(A2*A2P) + (T*TP) 20 
(A1*A1P) * (A2*A2P) 21 
(A1*A1P) * (T*TP) 22 
(A1*A1P) * (A2*A2P) * (T*TP) 23 
(A1*A2) *CP 24 
(A1*T) *CP 25 
(A1*A2*T) *CP 26 
((A1*A2) +T) *CP 27 
((A1*T) +A2) *CP 28 


(Ex 2) 


(Ex 3) 
((A1+A2) *T) *CP 
((A1+T) *A2) *CP 
(A1*A1P) ->(A2*A2P) 
(A1*A1P) ->(T*TP) 
(T*TP) —->(A1*A1P) 
(A1->A2) *CP 
(Al->T) *CP 
(T->A1) *CP 
(A1*A1P) ->(A2*A2P) ->(T*TP) 
(A1L*A1P) ->(T*TP) ->(A2*A2P) 
(T*TP) ->(A1*A1P) ->(A2*A2P) 
(Al1->A2->T) *CP 
(Al->T->A2) *CP 
(T->A1->A2) *CP 


(A1*A1P) +(A2*A2P) + (A3*A3P) + (A4*A4P) + (A5S*A5P) +(A6*AGP) 
(A1*A1LP) +(A2*A2P) + (A3*A3P) +(A4*A4P) +(A5*A5P) +(AG*AGP) +(T*TP) 
Condition 1. A1*AI1P 
C=21<RET> 


21. (Al~>T) *CP 


>BP PROTECT=DIS<RET> 
PROTECT = DIS 


> 
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Description 


The BP command command sets and displays breakpoints. 


Entering the breakpoint only as "BP A1<RET>" enables break conditions to be entered 
interactively. (Example 1) 


Entering the breakpoint and equal sign as "BP A1l=<RET>" displays the currently set 
breakpoints. (Example 2) 


The "BP C" command can be used to specify the breakpoint passing sequence for 
breakpoints (A1, A2, T). (Example 3) 


The pass count for the entire combination can be set with the CP (Common Pass) command. 
Combination condition can be selected from the 30 conditions shown in Table 3.4. 
A period indicates the end of interactive specification. 


Mask data is enabled when 0 and masked when 1. Therefore, data match is not checked if 
FFH is specified as mask data. 


The following conditions can be specified as protect break detection conditions. 


- ACCESS (or A) 
A break occurs if an inaccessible area (set to DIS with the MAP command) is accessed, 
or if attempt is made to write to write-protected area (set to ROM with the MAP 
command). 


- WRITE (or W) 
A break occurs when an attempt is made to write to write-protected area (set to ROM 
with the MAP command). 


- DIS 
Disables protect break. 


The following three access conditions can be specified. 


- READ (or R) 
Reads from specified address (including FETCH condition) 


- WRITE (or W) 
Writes to specified address. 


- RW 
Reads or writes to specified address. 


- FETCH (or F) 
Fetches instruction from the specified address. 
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¢« Table 3.4 shows the break sequence numbers. 


Table 3.4 Break Sequence Numbers 


(sR TOP 
eT ABVOP 
T*TP A1*A1P)->(A2*A2P) 
[APREMRERA) =i [APA T 
TTP} o(aNATP 
fe _iararprazaartrTe) [20 |imisaaror 
7 fiaraveramnry ia aro 
23 | (A1*A1P)->(A2*A2P)->(T*TP) 

24 | (A1*A1P)->(T*TP)->(A2*A2P) 

25 | (T*TP)->(A1*A1P)->(A2*A2P) 

9  1(A1*A1P)+(A2*A2P)+....+(A5*ASP)+(AG*AGP 
30 | (A1*A1P)+....+(A6*AGP)+(T*TP) 








© 


5 


ke Pk 
oO N | O 





- 


“~_ 





© 


NM] MT PM 
N] & 





Np —a} —-a fF a] af 
Oe el a) 


ee” 





¢ The symbols used in the condition are shown in Table 3.5. 
Table 3.5 Symbols in Condition 


Description 
[ANB eonaton 



















¢ BP command error message 





Invalid input value. (xxx) Input value for "xxx" is invalid. 


too many parameters Too many parameters are specified. 
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BP (break point Access or set break point (menu format) 


Command Syntax 

BP 

Command Execution Example 
>BP<RET> 


Go to menu mode 


KKKKKKKK Break Point Table KKEKEKKKKKKKKKKKKK KK KK KKKKKKKKKKEKKKKKEKKKK 


Pass Label Address (Mask) Access H/L Line [ Source ] 

Al 00002 WORKS 0050H (OOOFH) FETCH -- 
data —— FFH ( OOH) -- -- 
A2 00001 OO00H (OOOOH) FETCH -- 
data == OOH ( FFH) -- -- 
A3 00001 SUB1 E720H (OO00H) -- _— 
A4 00001 SUB3 E770H (OO00H) -- -- 
A5 00001 OO00H (OO00H) -- — 
A6é 00001 OO00H (OOOOH) -- ane 

T 00001 _- J= == HIGH 
CP 00005 


KIKI KKK KKK KKK KKH KK KKK KKK KKK KKK KKK KKK KKK KKK KEK KKK KKK KKK KKK KKK KKK KI KKE KKK 
Condition 1. Al*A1P 
PROTECT (DIS/WRITE (W) /ACCESS(A)) : ACCESS 


Break Point><RET> < Return to RTT74 command prompt by pressing Return 
>BP C=21<RET> < Specify break sequence condition 

C = 21. (Al->T) *CP 

>BP<RET> 


Re-display menu 


KaKKKKKK Break Point Table KKEKKKKKKK KK KEK KEKKKEKKKKKKKKEKKKKKKKKKKKKK 


Pass Label Address (Mask) Access H/L Line [ Source ] 
Al 00002 WORKS OO50H (OOOFH) FETCH -- 
data les FFH ( OOH) -- = 
A2 00001 OOOOH (OO000H) FETCH -- 
data me OOH ( FFH) -- -- 
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A3 00001 SUB1 (O000H) 

A4 00001 SUB3 (O000H) 

A5 00001 (O000H) 

A6 00001 (Q0000H) 

o 00001 == HIGH 
ER 00005 


KHKKKKKKKKKKKEKK KK KKK KKK KKK KKK KKK KKK KK KKK KEKE KK KEK KK KK KEKE KKKKKKKKKKKKKKKK 


Condition 21. (Al->T) *CP 
PROTECT (DIS/WRITE (W) /ACCESS(A)) : DIS 
Break Point><RET> < Terminate the command 


> 





Description 


¢ The BP command enables breakpoints to be set in menu format. The menu displays the 
current breakpoints and allows them to be changed on screen. Use the cursor movement 


keys (T or “E, J or *X, + , > or 4D) to move the cursor to the value to be changed and enter 
the value. 


¢ To terminate the BP command, enter "<RET>" at the "Break Point>" prompt. 


¢« The menu format is available only on personal computers that use ANSI escape sequences. 
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CV (Coverage Analysis) Set and display coverage analysis 


Command Syntax 


¢ Display coverage analysis result 
CV LOCAL [start address][,end address] 
CV GLOBAL [start address][,end address] 
CV TOTAL [start address][,end address] 


¢ Initialize coverage memory 
CV CLEAR 


Command Execution Example 


>CV CLEAR<RET> 
>GB <RET> 
Go> 
Break at E124H 
Trace Point Passed Trace Mode = Trace Before Trace-Point 
Time = Oh Om Os 125m 65u sec 
>CV LOCAL e000,e111<RET> (Ex 2) 
ADDRESS .> 
012345678 9ABCDEF 012345678 9ABCDEF 012345678 9ABCDEF 012345678 9ABCDEF 


E000 RKKKKKKKKKKKKKKKEK KRAEKKKKKKKKKKK KaKKKKK KKK KK KK KKK * 


E04Q *kRRKKKKK * 


E080 KREKEKEKKKKKKKKKEKKAKK KREKEKKKKKKKKK KMIKKKKKKKKAKKEKKKKK 


E0CO KkKKKKKKK Ok 
E100 kKkKkKKX 

>CV GLOBAL<RET> (Ex 3) 

ADDRESS.>0 1 2 3 4 5 6 7 8 9 A B C D =£E F 
E000 FFFF81FFFO7FFF81FFOQOQ0QQ000000000101FFFFOT7FF81FFFFO7F9D00000000000 
E100 0007C 

>CV TOTAL<RET> (Ex 4) 

Coverage Percent (EOQOQH-E111H) = 42.33 

> 





Description 
* The CV command is used to set and display coverage analysis. 


¢ The coverage analysis result is displayed in three different formats: CV LOCAL, CV GLOBAL, 
and CV TOTAL. 


¢ To start a new coverage analysis, initialize the coverage memory with the CV CLEAR 
command and then execute the target MCU. (Example 1) 


¢ CV LOCAL displays the coverage analysis result in 1 byte units with '’ indicating accessed 
address and blank indicating unaccessed address. (Example 2) 
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¢ CV GLOBAL displays the coverage analysis result in 4 byte units with accessed result 
expressed as value between 0 and F. (Example 3) 


For example, if the access status of E110H to E113H is expressed as C, addresses E110H 
and E111H are accessed and E112H and E113H are unaccessed. 


¢ CV TOTAL displays the coverage result as a percentage. (Example 4) 
¢ If the address is omitted, the previously set value is used. 
¢ Processing can be cancelled by pressing *Z (Ctrl+Z) during execution. 


¢ CV Command Error Messages 


Can't get valid data from PC4600 | Correct data cannot be obtained from the PC4600 
to PC 4600 ies 


checksum error Correct data cannot be obtained from the PC4600 
system. 
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G (go Execute without break 


Command Syntax 


G [start address] 


Command Execution Example 


>G start<RET> 
Go>STOP<RET> 


Terminate at EOQO5H exit 
Time = Oh Om 2s 751m 516u sec 
> 





Description 
¢ The Gcommand executes the program from the specified address without breakpoints. 


¢ If the start address is omitted, execution is resumed from the address at which the MCU is 
currently halted. 


¢ Other commands can be executed while the target MCU is running. 
1. The prompt "Go>" is displayed while the target MCU is running. 


2. When the STOP command is executed at the "Go>" prompt, the target MCU is stopped 
and control returns to normal command input mode (">"). 


¢ GCommand Error Messages 


Can't set Break (RTT) point data to} An attempt to set breakpoint or trace point has 
PC 4600. failed. 

error occurred! MCU was reset} An error has occurred. The MCU is reset. 
automatically. 
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GB (go with break table) Execute with break table condition 


Command Syntax 
GB [start address] 


Command Execution Example 


>GB start<RET> 
Go><RET> 
Break at EO03H stopadd 


Trace Point Passed Trace Mode = Trace About Trace-Point 


Time = Oh Om OS 3m 650u sec 
> 





Description 


¢« The GB command executes the program from the specified address until the break condition 
specified with the BP command is satisfied. 


« lf the start address is omitted, execution is resumed from the address at which the MCU is 
currently halted. 


¢ Other commands can be executed while the target MCU is running. 
1. The prompt "Go>" is displayed while the target MCU is running. 


2. When the STOP command is executed at the "Go>" prompt, the target MCU is stopped 
and control returns to normal command input mode (">"). | 


¢ Refer to section "4.3 Break Operation" in the "PC4600 System User's Manual" for the 
program counter after break. 


* GB Command Error Messages 


Can't set Break (RTT) point data] An attempt to set breakpoint or trace point has 
to PC4600 failed. 

error occurred! MCU was reset] An error has occurred. The MCU is reset. 
automatically. 











1-30 


MAP 


Set and access mapping information 





Command Syntax 


MAP [start address,end address {RAM|ROM|DIS},{EXT|INT}] 
MAP [start address,L byte count,{RAM|ROM|DIS},{EXT|INT}] 


Command Execution Example 


>MAP 0,1FFF, RAM, EXT<RET> 
>MAP 2000,FFFF, ROM, INT<RET> 
>MAP<RET> 
Memory Area 


0000 
2000 


1FFF 
FEFFEF 


RAM/ROM EXT/INT 
RAM EXT 
ROM INT 


>MAP 0,L10,DIS,EXT<RET> 
>MAP <RET> 
Memory Area 


0000 
0010 
2000 
>MAP 


0000 
0010 
2000 
FOO0O 
FEFO 
> 


O00F 
1FFF 
FFFF 


RAM/ROM EXT/INT 
DIS EXT 
RAM EXT 
ROM INT 


F000,FFEF,RAM, INT<RET> 
>MAP <RET> 
Memory Area 


O00F 
LFFF 
BFFF 
FFEF 
FFFF 


RAM/ROM EXT/INT 
DIS EXT 

EXT 

INT 

INT 

INT 
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Description 


¢ The MAP command specifies the attribute of the target MCU memory space. Each item is 
described below. 


- RAM/ROM 
Displays the attribute of the memory space as read only (ROM), read/write (RAM), or access 
disabled (DIS). This attribute is used to detect PROTECT break. 


- EXT/INT 
Specifies whether the memory space is PC4600 internal memory area (INT) or external 
memory area (EXT). If external memory area is specified, the system memory space is 
accessed. 


¢ MAP Command Error Messages 


invalid 1st parameter 
invalid 2nd parameter 
invalid 3rd parameter 
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MCU Set MCU specific information 


Command Syntax 


MCU MCU name 
MCU stack page selection bit no..\MCU mode register address,stack end, reset vector 
address 


Command Execution Example 


A>RTT74<RET> 

MELPS 740/M38000 DEBUGGER CONTROL SOFTWARE V.2.10.00C 
Copyright 1989, 1990, 1991, MITSUBISHI ELECTRIC CORPORATION 
AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


HOST MACHINE --> PC9801 


DEBUGGER SYSTEM ---> PC4600 

Select MCU type 

1. M38000 SERIES 

2. Others 

>2<RET> 

Input MCU name (ex. >MCU M37451<RET> ) 
>MCU M37471<RET> 

MONITOR ---> V.1.00 

CPU ---> M37471 


>MCU 2,FE, 7F,FFFE<RET> 
>MCU M37471<RET> 
> 
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Description 
¢ The MCU command sets target MCU specific information. 
¢ RTT74 asks for the MCU type when started. (See example) 


- If"1" (M38000 SERIES) is specified 
RTT74 sets MCU information for the M38000 SERIES. 


- If "2" (other MCU) is specified (Example 1) 
1. The prompt ">MCU" appears to prompt for the MCU command parameter. 


2. If an MCU file name is entered, the MCU information is input from the MCU file 
with the specified name. (Example 2) 


3. Each value can be entered separately. 


4. If the MCU file does not exist or if input parameter is invalid, RTT74 ends and 
returns to MS-DOS. 


¢ MCU Command Error Messages 


invalid 1st parameter 
invalid 2nd parameter 
invalid 3rd parameter 
invalid 4th parameter 


Can't read "xxx" Data cannot be read correctly from MCU file 
XXX. 














I-34 


QC (quest condition) Set, display realtime trace mode 


Command Syntax 
QC [store condition (1-4)] 


Command Execution Example 


>QC<RET> 

1. Trace Before Trace-Point 
2. Trace About Trace-Point 
3. Trace After Trace-Point 
4. Trace Before Break-Point 


Select No.><RET> 
1. Trace Before Trace-Point Selected 
>QC 2<RET> 
2. Trace About Trace-Point Selected 
>QC<RET> 
1. Trace Before Trace-Point 

Trace About Trace-Point 


2 
3. Trace After Trace-Point 
4 


Trace Before Break-Point 


Select No.>3<RET> 
3. Trace After Trace-Point Selected 
> 
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Description 





The QC command sets realtime trace mode. 
Trace mode can be set in two ways as follows: 
1. With command parameter (Example 1) 

2. At QC command prompt (Example 2) 

The following trace areas can be selected: 


1. Trace Before Trace-Point 
Stores information prior to the trace point (set with QP command). 


2. Trace About Trace-Point 
Stores information around the trace point. 


3. Trace After Trace-Point 
Stores information after the trace point. 


4. Trace Before Break-Point | 
Stores information prior to the break point (set with the BP command). 


Trace information for 8192 cycles is stored. 


QC Command Error Messages 






too many parameters There are too many parameters. 
invalid parameter The parameter is invalid. 
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QD (RD)(quest-data Display realtime trace data 


Command Syntax 


¢ Absolute specification 
QD start cycle,end cycle 


¢ Relative specification 
QD [display cycle count] 


Command Execution Example 


>QD -10<RET> (Ex 1) 
Trace Point Passed 
Written by Trace Before Trace-Point Mode 


SoS SS SSS MELPS 740/M38000 -------------------- - EXT -- 
TCNT SYMBOL Address Data Sync Read Write B-T Q-T 12345678 
-0010 MAIN: E014 C9 0 0 i: 1 1 11111111 
-0009 OOFF E0 0 ne 0 i 1 11111111 
-0008 OOFE 14 0 af 0 1 1 ee ips 
~0007 OOFD 80 0 1 0 1 1 VII LLY 
-0006 FFF2 20 0 0 1 1 1 LidJTiId4 
-0005 FFF3 E0 0 0 1 1 1 i tl Ws Gs 
-~0004 TXMODULE: BE02D 48 1 0 1 1 1 li sO Ws aH 
-0003 B02E 8A 0 0 1 1 1 ae Ue Bo Fess ee a 
-0002 OOFC 00 0 iL 0 1 1 11111111 
-0001 E02E 8A 1 0 1 1 1 11111111 

0000 BO2F 48 0 0 i 1 | flag Ea Di Be Ea eps 
>QD -8191, -8181<RET> (Ex 2) 


Trace Point Passed 
Written by Trace Before Trace-Point Mode 


a dae re MELPS 740/M38000 -------------------- - EXT -- 
TCNT SYMBOL Address Data Sync Read Write B-T Q-T 12345678 
-8191 E041 40 0 0 1 1 1 ae sD Kn 
-8190 WORK1: 0041 40 0 1 1 al 1 Ei Kea a 
-8189 OOFC 00 0 0 J. di 1 Litiiid 
-8188 E041 40 a 0 1 ai dL: 11111111 
-8187 E042 BA 0 0 i 1 1 11111111 
-8186 OOFC EA 0 1 1 a 1 11111111 
-8185 OOFD 80 0 0 1 1 1 og Us 
-8184 OOFE 1D 0 0 1 1 1 Vt Ui We i es a 
-8183 OOFF E0 0 0 1 1 1 11111111 
-8182 E01D 86 1 0 1 Al 1 Lig Wa Ee Ui 
-8181 EO1E 42 0 0 i 1 1 ip ss Va 





I-37 


Description 


¢ The QD command displays the contents of the realtime trace memory as hexadecimal 
together with the external signal status. 


¢« Realtime trace must be started with the G or GB command prior to executing this command. 


¢ The name and function of the external signal displayed on screen are as follows: 


1. Sync 
Signal issued during instruction code fetch. '1' if instruction is being fetched. 
2. Read 
Signal indicating the data bus direction. ‘0' if read. 
3. Write 
Signal indicating the data bus direction. '0' if write. 
4. B-T 
Level of the break external trigger. '1' if High and '0' if Low. 
5. Q-T 


Level of the trace external trigger. '1' if High and '0' if Low. 


6. EXD 
Status of the 8-bit external signal. 


¢ If 1 parameter is specified, it is treated as the display cycle count since the last QD or QL 
command (0 at startup or when G or GB command is executed). (Example 1) 


e« lf two parameters are specified, they are assumed to be absolute cycle specifications. 
(Example 2) | 


¢ Execution can be stopped.with %Z. 


PEE al 
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QD Command Error Messages 








Can't get real-time-trace data] Data could not be obtained properly from 

from PC4600 PC4600. 

checksum error Data could not be obtained properly from 
PC4600. 


invalid 1st parameter The first parameter is invalid. 
invalid 2nd parameter The second parameter is invalid. 
too many parameters There are too many parameters. 
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QL (RL)(quest-list List realtime trace data 


Command Syntax 


¢ Absolute specification 
QL start cycle,end cycle 


¢ Relative specification 
QL [display cycle count] 


Command Execution Example 


>QL -20<RET> 


Trace Point Passed 
Written by Trace Before Trace-Point Mode 
MELPS 740/M38000 

TCNT SYMBOL ADDRESS MNEMONIC 
-0017 E01F CMP #0A 
-0015 E021 BCC E028 

++++ INTERRUPT ---> VECTOR ADDRESS in SFFF2 
-0004 TXMODULE: E02D PHA 
-0001 E02E TXA 


>QL -8191,-8171<RET> 
Trace Point Passed 
Written by Trace Before Trace-Point Mode 
MELPS 740/M38000 
TCNT SYMBOL ADDRESS MNEMONIC 
-8191 EO3E PLA 
-~8187 EO3F TAX 
-8185 E040 PLA 
-8181 E041 RTI 
-8175 E01D STX 42 :WORK2 
-8171 EO1LF ??=C9 





Il-40 


Description 
¢ The QL lists the contents of the realtime trace memory. 
¢ Realtime trace must be started with the G or GB command prior to executing this command. 


¢ lf 1 parameter is specified, it is treated as the display cycle count since the last QD or QL 
command (0 at startup or when G or GB command is executed). (Example 1) 


¢ lf two parameters are specified, they are assumed to be absolute cycle specifications. 
(Example 2) 


¢ Execution can be stopped with “Z. 


¢ QL Command Error Messages 


Can't get real-time-trace data] Data could not be obtained properly from 

from PC4600 PC4600. 

checksum error Data could not be obtained properly from 
PC4600. 


invalid 1st parameter The first parameter is invalid. 
invalid 2nd parameter The second parameter is invalid. 
too many parameters There are too many parameters. 
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QP (quest-point) Access, set realtime trace point (batch format) 


Command Syntax 


¢ Set trace point address 1 
QP A1[=[pass count], [address][:mask],[data][:mask],[access condition]] 


¢ Set trace point address 2 
QP A2[=[pass count],[address][:mask],[data][:mask],[access condition]] 


¢ Set trace point address 3 
QP A3[=[pass count],[address][:mask]] 


* Set trace point address 4 
QP A4[=[pass count],[address][:mask]] 


¢ Set trace point address 5 
QP A5[=[pass count], [address][:mask]] 


¢ Set trace point address 6 
QP A6[=[pass count], [address][:mask]] 


¢ Set trigger trace point 
QP T[=[pass count],[H or L]] 


« Set trace sequence 
QP C[=[condition no. (1-30)]] 


¢ Set common pass count 
QP CP[=[pass count]] 
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Command Execution Example 


>QP A1<RET> (Ex 1) 
Al = 00001, O0O00H:0000H, OOH:00H, FETCH 
Al Pass=2<RET> 
Al Address=SUB1<RET> 
Al Data=.<RET> (Ex 2) 
Al = 00002, SUB1 E720H:0000H, O00OH:00H, FETCH 
>QP A2<RET> 
A2 = 00001, QO0O00H:0000H, OOH:00H, FETCH 
A2 Pass=3<RET> 
A2 Address=SUB2<RET> 
A2 Data=.<RET> 
A2 = 00003, SUB2 E740H:0000H, O0H:00H, FETCH 
>QP Al=<RET> (Ex 3) 
Al = 00002, SUB1 E720H:0000H, O0OH:00H, FETCH 
>QP A2=<RET> 
A2 = 00003, SUB2 E740H:0000H, O0OH:00H, FETCH 
>QP C<RET> (Ex 4) 
1 A1*A1P 15 ((A1+A2) *T) *CP 
2 A2*A2P 16 ((A1+T) *A2) *CP 
3 T*TP 17 (A1L*A1P) ->(A2*A2P) 
4 (A1*A1P)+(A2*A2P) 18 (A1*A1P)->(T*TP) 
5 (A1*A1P)+(T*TP) 19 (T*TP)->(A1*A1P) 
6 (A1*A1P)+(A2*A2P) +(T*TP) 20 (A1->A2) *CP 
7 (A1*ALP) * (A2*A2P) 21 (Al1->T) *CP 
8 (A1*A1P) * (T*TP) 22 (T->A1) *CP 
9 (A1*A1P) * (A2*A2P) * (T*TP) 23 (AL*AI1P) ->(A2*A2P) ->(T*TP) 
10 (A1*A2) *CP 24 (A1*A1P)—->(T*TP) ->(A2*A2P) 
11 (A1*T) *CP 25 (T*TP)->(A1*A1P) ->(A2*A2P) 
12 (A1*A2*T) *CP 26 (Al->A2->T) *CP 
13. ((A1*A2)+T) *CP 27 (Al->T->A2) *CP 
14 ((A1*T)+A2) *CP 28 (T->A1->A2) *CP 


29 (A1*A1P) + (A2*A2P) + (A3*A3P) + (A4*A4P) + (A5*A5P) + (A6*AGP) 
30 (A1*A1P) +(A2*A2P) + (A3*A3P) + (A4*A4P) + (A5*A5P) + (AG*AGP) + (T*TP) 


Condition 1. A1*A1P 
C=20<RET> 
C = 20. (Al->A2) *CP 


> 
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Description 
« The QP command sets and displays realtime trace points. 


¢ Entering the realtime trace point only as "QP A1<RET>" enables trace conditions to be set 
interactively. (Example 1) 


¢« Aperiod indicates the end of interactive specification. (Example 2) 


¢ Entering the realtime trace point and equal sign as "QP A1=<RET>" displays the currently set 
— trace points. (Example 3) 


« The "QP C" command can be used to specify the breakpoint passing sequence for 
breakpoints (A1, A2, T). (Example 4) 


¢« The pass count for the entire combination can be set with the CP (Common Pass) command. 
¢ Combination condition can be selected from the 30 conditions shown in Table 3.6. 


¢ Mask data is enabled when 0 and masked when 1. Therefore, data match is not checked if 
FFH is specified as mask data. 


¢« Table 3.6 shows the realtime trace sequence numbers. 


ence Numbers 
ombination 


A1+A2)*T)*CP 
A1+T)*A2)*CP 
A1*A1P)->(A2*A2P) 
A1*A1P)->(T*TP) 
T*TP)->(A1*A1P) 
A1->A2)*CP 

A1->T)*CP 

T->A1)*CP 
A1*A1P)->(A2*A2P)->(T*TP) 
A1*A1P)->(T*TP)->(A2*A2P) 
T*TP)->(A1*A1P)->(A2*A2P) 
A1->A2->T)*CP 
A1->T->A2)*CP 
T->A1->A2)*CP 


Cc 


Table 3.6 Realtime Trace Se 







# 
o 
oO 


Combination 
A1*A1P 


T*TP 

(A1*A1P)+(A2*A2P) 
A1*A1P)+(T*TP) 
A1*A1P)*(A2*A2P)+(T*TP) 
A1*A1P)*(A2*A2P) 
A1*A1P)*(T*TP) 
A1*A1P)*(A2*A2P)*(T*TP) 
A1*A2)*CP 

Ai*T)*CP 

A1*A2*T)*CP 6 
(A1*A2)4T)*CP 7 
(A1*T)+A2)*CP 28 
A1*A1P)+(A2*A2P)-+....+(AS*ASP)+(A6*AGP) 
(A1*A1P)+....+(A6*A6P)+(T*TP) 
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e 





The symbols used in the condition are shown in Table 3.7. 


Table 3.7 Symbols in Condition 


Description 
Address of trace point 1 
Pass count of trace point 1 


> __ [AND coneiion 


QP Command Error Messages 


Invalid input value. (xxx) Input value for "xxx" is invalid. 
too many parameters Too many parameters are specified. 
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QP (real-time trace point) Access, set trace points (menu format) 


Command Syntax 
QP 
Command Execution Example 
>QP<RET> 
Go to menu mode 


KkKKKKKKK Roal Time Trace Point Table ** RR RRR IKI KKK OK 


Pass Label Address (Mask) Access H/L Line [ Source ] 

Al 00002 WORKS 0050H (OOOFH) FETCH -- 
data -—- FFH ( OOH) -- oe 
A2 00001 0000H (O000H) FETCH -- 
data —-- 00H ( FFH) -- -- 
A3 00001 SUB1 E720H (OO00H) —-- -- 
A4 00001 SUB3 E770H (O000H) -- — 
A5 00001 0000H (O000H) -- -- 
A6 00001 0000H (O000H) -- -- 

T 00001 -- a= =n HIGH 
CP 00005 


KHKEKKKKKKKKKKKKKKEKKKKKKKKKKKEKEKK KKK KKK KKKK KK KK KKK K KK KKK KKKKEKKKKKKKKKEKK 


Condition 21. (Al->T) *CP 
RTT Point><RET> - <- Press Return to return to the RTT74 command prompt. 
>QP C=20<RET> < Set the trace sequence condition. 


C = 20. (Al->A2) *CP 
Re-display menu 


kkKKKKKK Roal Time Trace Point Table  * RRR KK RK KI IK OK 


Pass Label Address (Mask) Access H/L Line [ Source ] 
Al 00002 WORKS 0050H (OOOFH) FETCH -- 
data == FFH ( OOH) -- -- 
A2 00001 0O000H (QOO0OH) FETCH -- 
data = 00H ( FFH) -- -— 
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A3 00001 SUB1 (Q0000H) 

A4 00001 SUB3 (O000H) 

A5 00001 (O000H) 

Ao 00001 (0000H) 

ak 00001 =< HIGH 
CP 00005 


RKKK KKK KKK KKK KKK KK KKK KKK KKK KKK KK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKKKK 


Condition 20. (Al->A2)*CP 
RTT Point><RET> 
> 





Description 


¢ The QP command enables trace points to be set in menu format. The menu displays the 
current trace points and allows them to be changed on screen. Use the cursor movement 


keys (T or *E, J or “X, ¢, > or “D) to move the cursor to the value to be changed and enter 
the value. 


¢* To terminate the QP command, enter "<RET>" at the "RTT Point>" prompt. 


* The menu format is available only on personal computers that use ANSI escape sequences. 
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STOP (sto Stop program execution 


Command Syntax 
STOP 
Command Execution Example 


>GB<RET> 
Go>STOP<RET> 


Terminate at E740H SUB1 


Trace Point Passed Trace Mode = Trace About Trace-Point 
Time = Oh Om 16s 34m 860u sec 

>STOP<RET> 

MCU has already stopped. 

> 





Description | 
¢ The STOP command forces termination of the target MCU. 


¢ STOP Command Error Message 


MCU has already stopped. The MCU is already stopped. 
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CHAPTER 4. USING BASIC DEBUGGING COMMANDS 


4.1 Starting RTT74 


This chapter assumes that PC4600 system setup has been completed and describes how to 
debug PC4600 system applications. 


The following operations are described: 
¢ Starting RTT74 


« Using basic debugging commands 


4.1.1 RTT74 Startup 


RTT74 is started by entering "RTT74" at the MS-DOS command prompt and then pressing the 
Return key (or Enter key). The messages shown below appear when RTT74 starts. Messages 
shown in Figure 4.1 appear if a PC-9801 or IBM-PC is used. In this case, specify the host 
machine with a number. 


A>RTT7 4<RET> 

MELPS 740/M38000 DEBUGGER CONTROL SOFTWARE V.2.10.00C 
Copyright 1989, 1990, 1991, MITSUBISHI ELECTRIC CORPORATION 
AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


HOST MACHINE --> PC9801 
DEBUGGER SYSTEM ---> PC4600 
Select MCU type 

1. M38000 SERIES 

2. Others 

> 
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A>RTT7 4<RET> 

MELPS 740/M38000 DEBUGGER CONTROL SOFTWARE V.2.10.00C 
Copyright 1989, 1990, 1991, MITSUBISHI ELECTRIC CORPORATION 
AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 

Can't support this host machine. 


SELECT NEXT COMPATIBLE MACHINE TYPE. 


NEC PC-98 SERIES 
MULTI16-IV 

IBM PC/XT/AT 
EXIT 


3<RET> < Specify a machine with a number. 


HOST MACHINE --> IBM PC/XT/AT 
DEBUGGER SYSTEM ---> PC4600 
Select MCU type 

1. M38000 SERIES 

2. Others 

> 





Figure 4.1 Startup Screen (Normal startup from compatible PC) 


When the target MCU selection menu appears, specify the target MCU with a number. 
1. M38000 Series 
2. MELPS 740 Series (other than M38000 Series) 


In this example, '2' is entered to specify MELPS 740 Series (M37471) as target. The messages 
shown Figure 4.2 appear after the number is entered. 


: ; SEA ATER EEE SEI EE SE TE DT ST EE SETI 
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A>RTT7 4<RET> 

MELPS 740/M38000 DEBUGGER CONTROL SOFTWARE V.2.10.00C 
Copyright 1989, 1990, 1991, MITSUBISHI ELECTRIC CORPORATION 
AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


HOST MACHINE --> PC9801 


DEBUGGER SYSTEM ---> PC4600 

Select MCU type 

1. M38000 SERIES 

2. Others 

>2<RET> 

Input MCU name (ex. >MCU M37451<RET> ) 
>MCU 





Figure 4.2 Specification After Startup (MELPS 740 Series) 
After specifying the target MCU, a prompt ">MCU" appears asking for MCU command 
parameters (MCU specific information). (See Figure 4.2.) 
Enter the MCU command parameter. MCU command parameter can be specified in two ways. 
¢« By directly entering a number 
Enter the stack page selection bit no., MCU mode register address, stack end, and reset 
vector address in this order. 


Example (M37471) 
>MCU 2,FB,7F,FFFE<RET> 


¢« With MCU name 
Enter the MCU name. 


Example (M37471) 
>MCU M37471<RET> 


In this case, the file "M37471.MCU" must exist in a directory accessible by RTT74. 


ANS 1 


The following figure shows an example of specifying the MCU name. 


Select MCU type 

1. M38000 SERIES 

2. Others 

>2<RET> 

Input MCU name (ex. >MCU M37451<RET> ) 


>MCU M37471<RET> <- MCU command execution using MCU name. 


MONITOR ===> Vil. 00-B 
MCU ---> M37471 





Now RTT74 is ready to accept debug commands. 


The following figure shows the operation flow up to this point. 


A>RTT74<RET> 

MELPS 740/M38000 DEBUGGER CONTROL SOFTWARE V.2.10.00C 
Copyright 1989, 1990, 1991, MITSUBISHI ELECTRIC CORPORATION 
AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


HOST MACHINE --> PC9801 


DEBUGGER SYSTEM ---> PC4600 

Select MCU type 

1. M38000 SERIES 

2. Others 

>2<RET> 

Input MCU name (ex. >MCU M37451<RET> ) 
>MCU M37471<RET> 

MONITOR ---> V.1.00-B 

MCU ---> M37471 
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4.1.2 Sample Programs 


Figures 4.3 to 4.4 show the sample programs (M37471.EXT, ZRAM.A74, DISPDBG.A74, 
DISPSUB.A74) used in the subsequent descriptions. Figure 4.7 shows an assemble and link 
example. 


.2ZEXT RAM TOP 


-ZEXT PORTO, PODIR, PORT1, P1DIR 





Figure 4.3 M37471.EXT 


. SECTION 

. ORG 
>RAM TOP: 
:DISP PTR: .BLKB 10H 
:DISP DATA: .BLKB 10H 


.ORG OCOH 


:PORTO: .BLKB 
:PODIR: . BLKB 
:PORTL: . BLKB 
:P1DIR: . BLKB 


:LSB DISP PTR  .EQU 0,DISP PTR 


. END 





Figure 4.4 ZRAM.A74 


I-53 


.EXT DISP_LED 
. INCLUDE M37471.EXT 


. SECTION P 
DEBUG_LED 


[RAM TOP, X] =A 


WHILE ++X <= 07FH 
[PORTO] = 0 
[PODIR] = OFFH 
[PORT1] = OFFH 
[P1DIR] = OFFH 
:DEBUG_LED: 
FOR EVER 
JSR DISP_LED 
NEXT 
.ENDFUNC DEBUG_LED 


. SECTION VECTOR 
.ORG OF FFEH 
. WORD INIT 

. END 





Figure 4.5 DISPDBG.A74 


i = | 


SZEXT DISP_PTR, DISP DATA 
. ZBEXT LSB _DISP_ PTR 
. INCLUDE M37471.EXT 


. SECTION DISP_ SUB 


. ORG OF 000H 

. FUNC DISP_SUB 
:DISP_LED: 

A = [DISP_PTR] 

A= ++A 

Y =A & O7H 

[DISP PTR] = Y 

X=A>>1 

A = [DISP DATA, X] 

IF [LSB DISP PTR] == 1 

A=A>>4 

ENDIF 

X = A & O7H 

[PORT1] = OFFH 

[PORTO] = [SEG DATA, X] 

[PORT1] = [DIGIT DATA, Y] 

RTS 


.ENDFUNC DISP_ SUB 


. SECTION TABLE 
ORG OCO00H 


:DIGIT DATA: 


e 
’ 


.BYTE OFEH, OFDH, OFBH, OF7H 
.BYTE OEFH, ODFH, OBFH, 07FH 


:SEG DATA: 


.BYTE OF3H, O60H, OB6H, OF4H 
-_BYTE  066H, OD6H, OD7H, 072H 
.BYTE OF7H, 076H, O7FH, OC6H 
.BYTE 093H, OE5H, 097H, 017H 


- END 


Figure 4.6 DISPSUB.A74 
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A>SRA74 ZRAM<RET> 

MELPS 740 SRA74 V.1.01.01C 

Copyright 1989, 1990, MITSUBISHI ELECTRIC CORPORATION | 
AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


now processing pass 1 ( ZRAM.A74 ) 

now processing pass 2 ( ZRAM.A74 ) 

ERROR COUNT 00000 

WARNING COUNT 00000 

STRUCTURED STATEMENT 00015 LINES 

TOTAL LINE ( SOURCE ) 00031 LINES 

TOTAL LINE ( OBJECT ) 00031 LINES. 
COMMENT LINE ( SOURCE ) 00002 LINES 
COMMENT LINE ( OBJECT ) 00002 LINES 

OBJECT SIZE ( P ) 00036 (0024) BYTES 
OBJECT SIZE ( VECTOR ) 00002 (0002). BYTES 
A>SRA74 DISPDBG<RET> 


MELPS 740 SRA74 V.1.01.01C 

Copyright 1989, 1990, MITSUBISHI ELECTRIC CORPORATION 

AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 
now processing pass 1 ( DISPDBG.A74 ) 


( DISPDBG.A74 ) 


now processing pass 2 


ERROR COUNT 00000 

WARNING COUNT 00000 

STRUCTURED STATEMENT 00015 LINES 

TOTAL LINE ( SOURCE ) 00031 LINES 

TOTAL LINE ( OBJECT ) 00031 LINES 
COMMENT LINE ( SOURCE ) 00002 LINES 
COMMENT LINE ( OBJECT ) 00002 LINES 

OBJECT SIZE ( P ) 00036 (0024) BYTES 
OBJECT SIZE ( VECTOR ) 00002 (0002) BYTES 
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A>SRA74 DISPSUB<RET> 

MELPS 740 SRA74 V.1.01.01C 

Copyright 1989, 1990, MITSUBISHI ELECTRIC CORPORATION 

AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


now processing pass 1 ( DISPSUB.A74 ) 
now processing pass 2 ( DISPSUB.A74 ) 
ERROR COUNT 00000 

WARNING COUNT 00000 
STRUCTURED STATEMENT 00013 LINES 
TOTAL LINE ( SOURCE ) 00039 LINES 
TOTAL LINE OBJECT ) 00039 LINES 
COMMENT LINE SOURCE ) 00004 LINES 


COMMENT LINE 
OBJECT SIZE 
OBJECT SIZE 
A>LINK74<RET> 
MELPS 740 LINKER V.1.01.01C 

Copyright 1989,1990, MITSUBISHI ELECTRIC CORPORATION 

AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 

Relocatable files (.R74) >> ZRAM DISPDBG DISPSUB<RET> 


OBJECT ) 00004 LINES 
DISP_ SUB ) 00036 (0024) BYTES 
TABLE ) 00024 (0018) BYTES 


P™ ™ ™ OS™ 


Libraries (.LIB) >> <RET> 
Section information >> P=E000<RET> 
Command parameter >> -S -FDISP<RET> 


now processing pass 1 
processing "ZRAM.R74" 
processing "DISPDBG.R74" 
processing "DISPSUB.R74" 

now processing pass 2 
processing "ZRAM.R74" 
processing "DISPDBG.R74" 
processing "DISPSUB.R74" 

TOTAL ROM SIZE 98 (62H) BYTES 
TOTAL RAM SIZE 196 (C4H) BYTES 


Figure 4.7 Assemble and Link Example 
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4.2 Using Debugging Commands 

The target systems listed below are used in the following examples: 
¢ M37471RSS (Emulator Dedicated MCU) 

¢ M37471T-ADS (Pin Processing Board) 


4.2.1 MCU Memory Space Type Attributes 


The type attribute of MCU memory space is set with the MAP command. The default setting after 
turning on the PC4600 power is as shown below. Enter "MAP<RET" to view the mapping 
information. 


>MAP <RET> 
Memory Area RAM/ROM EXT/INT 


0000 - I1FFF RAM EXT 
2000 - FFFF ROM INT 
> 





Then disable access of areas 0100H-DFFFH as follows: 


>MAP 0100,DFFF,DIS, INT<RET> 
>MAP<RET> 

Memory Area RAM/ROM EXT/INT 
0000 - OOFF RAM EXT 
0100 DFFF DIS INT 
E000 - FFFF ROM INT 

> , 





These attributes are used in protect breaks in the break condition. 


4.2.2 Loading the Sample Program 
Use the “I” command to load the necessary information (symbol information and source line 
debug information) from the symbol file. 


>I DISP<RET> 
GLOBAL SYMBOL LOADED 


SOURCE LINE DEBUG INFORMATION LOADED 
DISP.HEX DISP.SYM LOAD END --> 13 SYMBOLS DEFINED 
> 





Information is loaded in the following sequence. 


1. Global symbol information 
Loaded in the sequence of description in the symbol file. Symbols loaded up to the point 
where the memory runs out are valid. 
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2. Local symbol information 
Loaded in the sequence of description in the symbol file. Symbols loaded up to the point 
where the memory runs out are valid. 


3. Source line debug information 
Source line debug information become invalid if memory runs out. 


4.2.3 Sample Program Execution 

The sample program loaded in the previous section is executed as follows: 

1. Reset the target MCU with the Z command. 

2. Enter the G command to execute the sample program. 

3. Enter the STOP command to stop the sample program. 

RTT74 provides two command input modes depending on the status of the target MCU. When 
the target MCU is stopped, it is referred to as the normal command mode. In this mode, enter the 
command following the prompt '>'. When the target MCU is running, it is referred to as the runtime 
command mode. In this mode, enter the command following the prompt 'Go>'. There are some 
restrictions on the type of commands that can be used in the runtime command mode. Table 4.1 
shows a list of commands that can be used in runtime command mode. 


Table 4.1 Commands that can be used in Runtime Command Mode 










Execution control Reference only 
STOP 


Realtime trace QD, QL BEFORE mode display from the point where 
the command is executed. 


Symbol operation SCOPE, SI, SHOW] None 
SOURCE 


4.2.4 Breakpoints 
The PC4600 system has the following breakpoints: 


° At1,A2 : 
Breaks when the pass count to the specified address from program execution and data and 
access conditions are satisfied. 


° A3, A4, A5, A6 
Breaks when the pass count to the specified address from program execution is satisfied. 


° T 
Breaks when the trigger (rising/falling edge) input from an external trace cable and pass 
count are satisfied. 


¢ PROTECT . 
Breaks when access protected area is accessed or when an attempt is made to write to a 
read only area. 
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The PC4600 system allows breakpoints A1-A6, and T to be set as 30 different combinations 
shown in Table 4.2. 


Table 4.2 Break Sequence Numbers 
No. Combination Combination 


wha) 170 
(eTPRAVOP 
ATAIPISIRERE) 
(A1*A1P)+(A2*A2P A1*A1P)->(T*TP) 
FP} SATATP) 
eo _fararpramacrtrte) fad fimeroe 
je fararrm «dtm 





}9 | (A1*A1P)*(A2*A2P)*(T*TP) (A1*A1P)->(A2*A2P)->(T*TP) 
(A1*A2)*CP (A1*A1P)->(T*TP)->(A2*A2P) 
(A1*T)*CP (T*TP)->(A1*A1P)->(A2*A2P) 


(A1*A2*T)*CP (A1->A2->T)*CP 
((A1*A2)+T)*CP A1->T->A2)*CP 
((A1*T)+A2)*CP (T->A1->A2)*CP 


(A1*A1P)+(A2*A2P)+....4(A5*A5P)+(A6*AGP) 
(A1*A1P)+....4(A6*AGP)+(T*TP) 


4.2.5 Breakpoint Setting Examples 


The following example shows how to set a breakpoint that stops the program after writing the 
data FxH (x is any number) 333 times in RAM area PORT1 (address: C2H). 


The BP command is used to set the breakpoint. The menu format of the BP command is used in 
this example. With the menu format, data is set by moving the cursor to the desired location and 
pressing the Return or Enter key. 


1. The menu shown in Figure 4.8 appears when the command "BP<RET>" is entered at the 


prompt ">". 


2. Move the cursor to Pass for A1 with the cursor movement key and enter "333". (Pass count is 
specified in decimals.) 


3. Move the cursor to Address and enter "PORT1:0". 

4. Move the cursor to Data and enter "FF:0F". Mask is disabled when 0 and enabled when 1. In 
this case, the lower 4 bits of the data are not compared because OFH is specified. In other 
words, the target data is FOH-FFH. 

Move the cursor to Access and enter "W" or "WRITE". 

Move the cursor to Condition and enter "1". 

Move the cursor to PROTECT and enter "DIS". 


>" prompt. 


2 ND Oo 


Enter "<RET>" to return to the 


a ch ean Se tee Na a a a a ee 
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KKKKKKKK Break Point Table KKIKKKKKKKKKKKKKKKKK KKK KE KKK KKK KKK KEKKKKKKKKK 


Pass Label Address (Mask) Access H/L Line [ Source ] 
Al 00001 DISP_ PTR 0O000H (O0Q00H) FETCH 
== DISP_ PTR OOH ( FFH) -- 
A2 00001 DISP. PIR 0Q00H (OQOQ00H) FETCH 
-- DISP_PTR OOH ( FFH) 
A3 00001 DISP PTR OO0Q0H (O0000H) 
A4 00001 DISP PTR OOOOH (0000H) 


A5 00001 DISP PTR 0000H  (0000H) 
A6 00001 DISP_ PTR 0000H (0000H) 
2h 00001 -- ae HIGH 
CP 00001 
KKK KK KKK KKK KK IKK KKK KKK KKK KK KKK KKK KKK KKK KKK KKK KK KKK KKK KKKKKKKKKAEKKKKKEKKKE 
Condition 1. A1*A1P 
PROTECT (DIS/WRITE(W) /ACCESS(A)) : DIS 
Break Point> 
> 





Figure 4.8 BP Command Menu Mode 


The following figure shows a batch mode input example. 


>BP Al=333,PORT1:0,F0: 0F,W<RET> 
Al = 00333, PORT1 00C2H:0000H, FOH:0FH, WRITE 
>BP C=1<RET> 


1. A1l*AI1P 
>BP PROTECT=DIS<RET> 
PROTECT = DIS 
> 





This completes the setting of breakpoints. 
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The following figure shows the settings displayed with the menu mode BP command. 


>BP 
KKKKKKKK Break Point Table KKRKEKKEKKKKKEKKKKKKKKKKKKKKEKKRKKEKKKKKKKKKKKKKEKK 


Pass Label Address (Mask) Access H/L Line [ Source ] 
Al 00333 PORT1 00C2H (OO000H) WRITE 
-— FOH ( OFH) -- 
A2 00001 DISP_ PTR 0000H (OO000H) FETCH 
a= DISP PTR OOH ( FFH) 
A3 00001 DISP PTR 0000H (O000H) 
A4 00001 DISP_ PTR OO00H (O000H) 
A5 00001 DISP_PTR OOOOH (00008) 
AG 00001 DISP PTR O0O00H (O000H) 
T 00001 -- -- HIGH 
CP 00001 
KRKKEKKKKR KKK KKK KK KKKK KK KK KK KKK KKK KK KKK KKK KK KK KKK KEKKEKKKRKKKKKKKKEKKKKKKKK 
Condition 1. A1l*A1P 
PROTECT (DIS/WRITE(W)/ACCESS(A)) : DIS 
Break Point> 





4.2.6 Executing Program with Breakpoints 


The following example shows how to execute the program and stop it at the breakpoints set in the 
previous section. Figure 4.9 shows the corresponding screen. 


1. Reset the target MCU with the Z command. 


2. Enter the GB command to execute the sample program. Runtime command mode is entered 
when the program starts execution and the prompt changes to "Go>". 


3. The program stops when the break condition is satisfied. The break address, trace status, 
and execution time are displayed. 


>2<RET> 
>GB<RET> 

Go> 

Break at FO1CH 


Time = Oh Om Os’ 8m 593u sec 
> 





Figure 4.9 Program Execution with Breakpoint 
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4.2.7 PROTECT Break 
A PROTECT break causes a break when an area disabled (DIS) for access with the MAP 
command is accessed (read or write) or when an attempt is made to write to a read only area 
(ROM). 
The MAP command is used to change the attribute of the memory area and allow the disabled 
area to be accessed. The following procedure describes how a PROTECT break is generated. 
Figure 4.10 shows the corresponding execution example. 
1. Disable access to memory area COOOH to CFFFH with the MAP command. 

Use the BP command set a breakpoint at a point that will not be executed. 

Use the BP command to set PROTECT to "ACCESS". 


2 

3 

4. Reset the MCU with the Z command. 

5. Execute the program with the GB command. 
6 


A break occurs because an attempt is made to read from area COOOH-CFFFH. 


>MAP 100,DFFF,DIS, INT<RET> 
>MAP<RET> 

Memory Area RAM/ROM EXT/INT 
0000 - OOFF RAM INT 
0100 DFFF DIS INT 
E000 - FFFF ROM INT 

>BP PROTECT=ACCESS<RET> 


PROTECT = ACCESS 

>Z2<RET> 

>GB<RET> 

Go> 

Break at FQI1CH 

Time = Oh Om OS Om 951lu sec 
> 





Figure 4.10 Protect Break Execution Example 


4.2.8 Realtime Trace 


The PC4600 system provides a realtime trace function which stores execution results in trace 
memory (8192 steps) without affecting program execution time when a trace condition is satisfied. 


The PC4600 system allows specification of a trace area synchronized with a breakpoint and four 
different trace areas shown in Figure 4.11 synchronized with trace points. 


The following four trace areas can be selected: 


1. Trace Before Trace-Point 
Stores information prior to the trace point (set with the QP command). 


2. Trace About Trace-Point 
Stores information around the trace point. 
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3. Trace After Trace-Point 
Stores information after the trace point. 


4. Trace Before Break-Point 
Stores information prior to the breakpoint (set with the BP command). 


4.2.9 Trace Points 
The PC4600 system allows trace points equivalent to breakpoints A1-A6, and T to be set. 


The PC4600 system allows trace points A1-A6, and T to be set as 30 different combinations 
shown in Table 4.3. 


Table 4.3 Trace Sequence Combination 










A1*A1P ((A1+4A2)*T)*CP a 
A2*A2P 16 | ((A1+T)*A2)*CP 
(A1*A1P)+(A2*A2P) (A1*A1P)->(T*TP) 

(A1*A1P)+(T*TP) (T*TP)->(A1*A1P) 
(A1*A1P)*(A2*A2P)+(T*TP) 0 | (A1->A2)*CP 


* 


A1*A1P 
A1*A1P)*(T*TP) 
A1*A1P)*(A2*A2P)*(T*TP) 
A1*A2)*CP 

A1*T)*CP 


A2*A2P) A1->T)*CP 
T->A1)*CP 
A1*A1P)->(A2*A2P)->(T*TP) 
A1*A1P)->(T*TP)->(A2*A2P) 
T*TP)->(A1*A1P)->(A2*A2P) 
A1*A2"T)*CP A1->A2->T)*CP 
(A1*A2)+T)*CP Ai->T->A2)*CP_ 
(A1*T)+A2)*CP g | (T-sA1->A2)*CP 
A1*A1P)+(A2*A2P)+....+(A5*A5P)+(A6*AGP) 

A1*A1P)+....+(A6*AGP)+(T*TP) | 


-_— 
~ ee 
— 
— 


22 
3 
4 
s) 


| 
O) ice) 


0 


oma, 
* 


NO 
N 


oe) 


« 


on™ i wren 


30 
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Trace Before Trace-Point : 
Trace-point 


[aenmnmnnmeananpinpens sfesssomeinunemmccaay 
Time 


~<q—— Trace Area ——p> 


Trace About Trace-Point 
Trace point 


OY 
Time 


~<q— Trace Area ——p> 
Trace After Trace-Point Trace-point 
QP 
Time 
~«q@— _ Trace Area ——>> 
Trace Before Break-Point 
Break-point 


[oncisckcraqinentomreesaterseieemourecuene-aaecy 
Time 


~«q—— Trace Area ——> 





Figure 4.11 Trace Area 


4.2.10 Trace Point Setting Examples 

This section describes how to set a trace point when data FEH is read from DIGIT_DATA 
(address: COOOH) in ROM area 10 times and trace program execution for 2000H (8192) steps 
about the trace point. The trace point is set as follows: 

The trace area is set with the QC command. 

The QP (RP) command is used to set the trace point. The menu format of the QP command is 
used in the following example. The menu format allows data to be set by moving the cursor to the 
desired location, entering the data, and pressing the Return or Enter key. 


1. The menu shown in Figure 4.12 appears when the "QC<RET>" command is entered at the 
prompt ">". 


2. Enter "2" (Trace About Trace-Point) at this prompt. 


3. The menu shown in Figure 4.13 appears when the "QP<RET>" command is entered at the 
prompt ">". 


4. Use the cursor keys to move the cursor to Pass for A1 and then enter "10". (Pass count is 
specified in decimals.) 


Move the cursor to Address and enter "DIGIT_DATA:0". 
Move the cursor to Data and enter "FE:0". 


Move the cursor to Access and enter "W" or "WRITE". 


2 ND oO 


Move the cursor to Condition and enter "1". 
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9. Enter "<RET>" to return to the ">" prompt. 
Now the trace point is set. 
Figure 4.14 shows the sample program being executed with the G command to obtain trace data. 


When the program is stopped with the STOP command, the reached trace points are displayed 
together with the trace mode. 


Then the trace results obtained in the previous section are displayed. The trace result can be 
displayed with either of the following two commands: 


1. QD (RD) command 
Displays the contents of trace memory in hexadecimal as the status of external signals and 
external trace cable. 


2. QL (RL) command 
Lists the contents of the trace memory as a disassembled list 


>QC<RET> 


. Trace Before Trace-Point 
. Trace About Trace-Point 
. Trace After Trace-Point 


. Trace Before Break-Point 


Select No.>2<RET> 
2. Trace About Trace-Point Selected 





Figure 4.12 QC Command Execution Example 
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>QP 


KKKKKKKK 


Al 


A2 


A3 
A4 
A5 
Ao 
AG 

GP 


Real 
Pass 
00001 


00001 
00001 
00001 
00001 
00001 
00001 
00001 


Time Trace Point Table 
Address (Mask) 


Label 

DISP PTR 
DISP_ PTR 
DISP_PTR 
DISP PTR 
DISP_ PTR 
DISP_PTR 
DISP_PTR 
DISP_PTR 


0000H 

OOH 
0000H 

OOH 
0000H 
0000H 
0000H 
0000H 


(O0000H) 
( FFH) 
(O000H) 
( FFH) 
(O000H) 
(O000H) 
(OQ000H) 
(O000H) 


KEKE KKKKKKKKEKKKKKKIKKKKEKKKKKKKKKK 


H/L Line [ Source ] 


Access 
FETCH 


FETCH 


HIGH 


KREIKKKEKKKKKKKKK KKK KKK KK KK KKK KK KKK KKK KKK KK KK KEK KKK KKK KKK KKK KEKKKEKKKKKKKEK KKK 


Condition The 
RIT Point> 


> 


A1l*A1P 





Figure 4.13 QP Command Execution Example 


The following figure shows a batch mode input example. 


>QP Al=10,DIGIT DATA:0,FE:0,R<RET> 
00010, DIGIT DATA COQ00H:0000H, FEH:00H, READ 


Al = 


>QP C=1<RET> 


C= 1. 
> 


Al*AI1P 





The following figure shows the a list of settings displayed with the QP command. 


>QP<RET> 


KKKKKKKK 


Al 


A2 


A3 
A4 
A5 
Ao 
T 

CP 


Real 
Pass 
00010 


00001 
00001 
00001 
00001 
00001 
00001 
00001 


Time Trace Point Table 


Label 


DIGIT DATA 


DISP_PTR 
DISP_PTR 
DISP PTR 
DISP PTR 
DISP_PTR 
DISP PTR 


Address (Mask) 


CO00H 

FEH 
OO000H 

OOH 
0000H 
OO00H 
0000H 
O000H 


(0000H) 
( OOH) 
(0000H) 
(| FFH) 
(0000H) 
(0000H) 
(O0000H) 
(OQO000H) 


KREKKKKKKKKKKKKKEKKKKKEKKKKEKKKKKKKKK 


Access H/L Line [ Source ] 


READ 


FETCH 


HIGH 


KKEKEKKEKK KKK KKK KKK KKK KKK KKK KKK KKK KEK KK KKK KKK KKK KKK KK KK KEK KKKKKKKKKKKKKKKKKK 


Condition 
RTT Point> 


Ls 


A1l*A1P 
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>Z2<RET> 

>G<RET> 

Go>STOP<RET> 

Terminate at FO15H 

Trace Point Passed Trace Mode = 
Oh Om Qs 
>QD -10,10<RET> 
Trace Point Passed 


Trace About Trace-Point 


Time = 5m 647u sec 


Written by Trace About Trace-Point Mode 
mn nnn nnn MELPS 740/M38000 


TCNT SYMBOL Address Data Sync Read Write B-T 
-0010 SEG DATA: C008 F3 0 0 1 1 
-0009 FOI1C 85 1 0 1 1 
-0008 FO1D co 0 0 1 1 
-0007 PORTO: 00C0 F3 0 1 1 1 
-0006 PORTO: 00CO F3 0 1 0 1 
-0005 FOIE BY 1 0 1 1 
-0004 FOIF 00 0 0 1 ab 
-0003 F020 CO 0 0 1 1 
-0002 DIGIT DATA: C000 FE 0 1 if if 
-0001 DIGIT DATA: C000 FE 0 0 1 i. 

0000 F021 85 1 0 1 iL 

0001 F022 C2 0 0 1 a, 

0002 PORTI: 00C2 C2 0 1 1 1 

0003 PORT1: 00C2 FE 0 1 0 1 

0004 F023 60 1 0 1 al 

0005 F024 EA 0 0 1 Ak 

0006 007D EA 0 - 1 1 

0007 OO7E 21 0 0 1 1 

0008 OO7F E0 0 0 1 1 

0009 E021 FO 0 1 1 1 

0010 E022 80 1 0 1 1 
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= a Ce 


Q-T 12345678 


PPP FP PPP BP BP BR PP BP BPP BP RP RP Pp ep 


as se WO 
11111111 
11111111 
i i oie Es a 
Pile tL itd 
ATLA 
ps Ws Hs se Bs 
a Os DD BP 
yes et Uy Ee 
5 os Ee Ge it gi Ea 
ds a Doo eB 
se i BD 
11111111 
Kt gs EE as 
si et ees 
LiTitiid 
bt at Be Be 
TTtTiirid 
8 be iW HD 
11111111 
i et Be Fs to 


>QL -20, 20<RET> 

Trace Point Passed 
Written by Trace About Trace-Point Mode 

MELPS 740/M38000 

TCNT SYMBOL ADDRESS MNEMONIC 

-0020 FO15 TAX 

-0018 F016 LDM #FF,C2 :PORT1 
-0014 F019 LDA C008 :SEG DATA,X 
-0009 FO1C STA CO :PORTO 


-0005 FOIE LDA C000 :DIGIT DATA,Y 
0000 FO21 STA C2 :PORT1 
0004 F023 RTS 
0010 E022 BRA EQLF :DEBUG_ LED 
0014 DEBUG LED: E0O1F JSR F000 >DISP LED 
0020 DISP LED: F000 ??=A5 





Figure 4.14 Realtime Trace Data Display Example 


4.2.11 Coverage Analysis Function 

The coverage analysis function checks whether the memories between two specified points 
(addresses) are accessed or not. The access status of each address is expressed as 1 bit data in 
a 64K bit coverage memory within the PC4600 system. 

The following is an example of performing coverage analysis of a sample program. The target 
addresses are 00H to FFH in RAM. The program is executed from DISP_LED (address: E01FH) 
because the sample program zero clears the area between OOH and 7FH. The coverage analysis 
procedure is as follows: 

1. Set breakpoints and trace points to addresses that will not be executed. 

2. Execute the program once to initialize the program. 


3. Enter "CV CLEAR<RET>" at the prompt ">" (normal command mode) to initialize the 
coverage memory. 


4. Execute the sample program from DEBUG_LED with the G command. 
5. The coverage analysis data is displayed as "CV TOTAL", "CV GLOBAL", and "CV LOCAL". 


The entire execution flow is shown in the following figure. 
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>I DISP<RET> 

GLOBAL SYMBOL LOADED 

SOURCE LINE DEBUG INFORMATION LOADED 

DISP.HEX DISP.SYM LOAD END --> 13 SYMBOLS DEFINED 
>BP A2=,0:0,0:0,F<RET> 

A2 = 00001, DISP_ PTR 0000H:0000H, OOH:00H, FETCH 
>BP C=2<RET> 

C = 2. A2*A2P 

>BP PROTECT=DIS<RET> 

PROTECT = DIS 

>QP A2=,0:0,0:0,F<RET> 

A2 = 00001, DISP_PTR 0000H:0000H, OOH:00H, FETCH 
>QP C=2<RET> 

C = 2. A2*A2P 

>Z<RET> 

>G<RET> 


Go>STOP<RET> 

Terminate at F021H 

Time = 0h Om 8s 305m 207u sec 
>CV CLEAR<RET> 

>Z<RET> 

>G DEBUG LED<RET> 


Go>STOP<RET> 

Terminate at FO1EH 

Time = Oh Om 12s 854m 913u sec 

>CV TOTAL 0,FF<RET> 

Coverage Percent (OQO0QH-OOFFH) = 3.51 % 

>CV GLOBAL<RET> 

ADDRESS>0 i 2 3 4 5 6 7 8 9 A B Cc oD E F 
0000 8000F0000000000000000000000000030000000000000000A000000000000000 

>CV LOCAL<RET> 

ADDRESS>0123 4567 8 9ABCDEF 012345678 9ABCDEF0123 45678 9ABCDEF 012345678 9ABCDEF 
0000 * KkKkKkKk 


0040 ** 
0080 
00CO0 as 

> 

(a) CV TOTAL 


CV TOTAL shows the percentage of the addresses in the specified area that have been 
accessed. In this example, 3.51% of the addresses between 00H and OFFH have been accessed. 
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(b) CV GLOBAL 


CV GLOBAL shows the coverage analysis result in 4 byte units with a hexadecimal value 
between 0 and F. In this example, the access status of addresses OOH to O3H is 8. Therefore, 
address OOH is accessed and addresses 01H, 02H, and O3H are not accessed. 


farintooos [+ | o | 0 | 0 
fcoess | ves | No | No | No 


(c) CV LOCAL 







CV LOCAL shows the coverage analysis result in 1 byte units indicating accessed address with 
an asterisk and unaccessed address with a blank. In this example, addresses 80H to BFH are not 
accessed. 
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4.3 Runtime Debugging 


The PC4600 system enables registers, memories, and realtime trace memory to be accessed 
during program execution without stopping the MCU. 


The following is an example of runtime debugging. 


Note that you may not be able to produce the same result because the execution result depends 
on the timing of the command. 


¢ Setthe trace mode to "4. Trace Before Break-Point" 


¢ The runtime debugging mode prompt is "Go>". 


>I DISP<RET> 

GLOBAL SYMBOL LOADED 

SOURCE LINE DEBUG INFORMATION LOADED 

DISP.HEX DISP.SYM LOAD END --> 13 SYMBOLS DEFINED 

>QP Al=2,E000:0,00:FF,F<RET> 

Al = 00002, INIT E000H:0000H, OOH:FFH, FETCH OOO06[DISPDBG.A74 ] 
>QP C=1<RET> 

C = 1. A1*A1P 

>QC 4<RET> 


4. Trace Before Break-Point Selected 


>Z<RET> 
>G<RET> 


Go> 





* The realtime trace data can be referenced while the MCU is executing (with QD or QL 
command). 


The following information is displayed. 
- Trace point passage 


- Write mode (Before, About, After) 
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The following example shows that the trace point has not been reached and the data up to the 
point of QL command execution has been written in Before mode. 


>Z<RET> 
>G<RET> 


Go>QL -20, 0<RET> 
Trace Point Unpassed 


Written by Before Mode 
MELPS 740/M38000 
TCNT SYMBOL ADDRESS MNEMONIC 
-0019 F006 STY 00 :DISP_ PTR 
-0015 F008 LSR A 
-0013 FOO9 TAX 
-O0O11 FOOA LDA 10 :DISP_ DATA, X 
-0007 FOOC BBC 0,00 :LSB DISP_PTR,F013 
0000 F013 ??=29 


Go> 





¢ The contents of registers can be referenced (with X commana). 


¢ The contents of memories can be changed (with A, D, L, or S command). 


Go>X<RET> 

A=00 xX=00 Y=07 =---B-IZ- S=07D PC=F005 
TAY | 

Go>S PORT1<RET> 


PORTI1: 00C2 FF .<RET> 


Go>D 0,F<RET> 
0000 07 00 00 00 00 00 00 00 O00 O00 OD 0D 0D OD OD OD 
Go> . 
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¢ The result will be different if the same command is entered again because the MCU is 
executing. 


Go>X<RET> 
A=04 X=00 Y=04 F=---B-I-- S=07D PC=F006 
STY 00 :DISP PTR 


Go>S PORT1<RET> 
PORTI1: 0O0C2 BF .<RET> 

Go>D 0,F<RET> 

0000 03 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00D 
Go>STOP<RET> 

Terminate at E033H 
Trace Point Passed Trace Mode = Trace Before Break~-Point 
Time = Oh Om 8S 628m 948u sec 

>QL -20, 0<RET> 

Trace Point Passed 
Written by Trace Before Break-Point Mode 

MELPS 740/M38000 

TCNT SYMBOL ADDRESS MNEMONIC 

-—0020 : F013 AND #07 

-0018 F015 TAX 

-0016 F016 LDM #FF,C2 :PORT1 
-0012 F019 LDA C008 :SEG DATA,X 
-0007 | FO1C STA CO :PORTO 
-0003 FO1E LDA C000 :DIGIT DATA,Y 
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¢ The following example shows a case where a trace point is reached during program 
execution and trace is ended at that point. 


« The trace mode is set to "2. Trace About Trace-Point". 


>QP Al=200,PORT1:0,F0: 0F,W<RET> 

= 00200, PORT1 00C2H:0000H, FOH:0OFH, WRITE 
>QOC 2<RET> 
2. Trace About Trace-Point Selected 


>Z4<RET> 
>G<RET> 


Go>QL -8,8<RET> 
Trace Point Passed 


Written by Trace About Trace-Point Mode 
MELPS 740/M38000 
ICNT SYMBOL ADDRESS MNEMONIC 
-0008 FOQ13 AND #07 
-0006 FOQ15 TAX 
-0004 F016 LDM #FF,C2 :PORT1 
0000 FQ19 LDA C008 :SEG DATA,X 


0005 FO1C STA CO :PORTO 


Go>STOP<RET> 
Terminate at F0Q12H 
Trace Point Passed Trace Mode = Trace About Trace-Point 
Time = 0h Om 0S 7m 446u sec 
>QL -8, 8<RET> 
Trace Point Passed 
Written by Trace About Trace-Point Mode 
MELPS 740/M38000 
TCNT SYMBOL ADDRESS MNEMONIC 
-0008 F013 AND #07 
—-0006 FOQ15 TAX 
-0004 F016 LDM #FF,C2 :PORT1 
0000 FO19 LDA C008 :SEG DATA,X 
0005 FOQ1C STA CO :PORTO 
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APPENDIX A. ERROR MESSAGES 
The error messages that appear when using the option board system commands and error 
messages pertaining to all commands are described below. 


The error messages pertaining to PC4600 system commands are described under each 
command. 


An error message appears when command execution is unsuccessful. Table A.1 lists the error 
messages. 


Table A.1 Error Messages 


? An invalid character or command is entered. 
=> Check the command format and enter the correct 
command. 

ADDRESS ERROR The contents of the program counter is abnormal. 
=> Check that the value of the reset vector is correct and reset 
the target MCU. 


BANK DATA CANNOT Data set in bank cannot be received correctly when the reset 
RECEIVE (Z) command is executed. 








=> Check that the serial cable is connected properly and then 
execute the reset command. 


BANK SELECT ERROR The bank selection switch on the option board is not set 
properly. 


=> Properly set the bank selection switch. 
Can't close [xxx] File xxx cannot be closed. 
=> Check for diskette errors. 
Can't get source file (including File containing the program counter cannot be found. 
program counter) 
= Check the current program counter. 
| Can't open source file [xxx] Cannot find source file xxx or it cannot be opened. 
=> Check that the file is in the proper location. 
Can't open symbol file [xxx.sym] | Cannot find SYM file xxx.sym or it cannot be opened. 


=> Check that the file is in the proper location. 


Can't read source file [xxx] Failed to obtain information from source file xxx. 


=> Check for diskette errors. 


? Can't not refer to - An area inaccessible with the program counter has been 
accessed in M50734 mode. 


= Change the value of the program counter with the XP 
command to an accessible value. 


Can't close data file. The data file cannot be closed. 


=> Check the diskette. 





Can't find data file. The data file does not exist. 


=> Copy the DAT file to an accessible directory or use the -| 
option. 7 





Can't find data in data file. Data cannot be found in the data file. 


= Contact MSC if this message appears. 





There is an error in data file information. 






Can't read valid data in data file. 





=> Contact MSC if this message appears. 





CHECKSUM ERROR There is an error in the data when option board trace memory 
is transmitted to the host machine. 


=> Check the serial cable connection and re-execute the 
command. 


MCU NUMBER ERROR Option board other not supporting MELPS 740 or RTT74 is 
used. 





=> Check the DAT file version to determine whether the MCU 
information is stored in the DAT file. 


? FILE NAME ERROR A new file cannot be opened. 
=> Check whether free space is available on the diskette. 


? FILE WRITE ERROR A file cannot be written. 







=>» Check for diskette errors. 











? error occurred! MPU was reset | An unrecoverable error has occurred in PC4000E. 


automatically 






= The target MCU is automatically reset to recover from the 
error. 


RTT74.HLP NOT OPEN ERROR| The HLP file is not in the proper location. 






=> Copy the HLP file to a the proper location with the file 
name RTT74.HLP. 


RTT74.HLP NOT CLOSE The help message file is not closed. 
ERROR 


? INVALID AREA 
= Specify a valid area. 


invalid line number [xxx] Information for line number xxx is not defined in the source 
line debug information. 

invalid parameter(s) There is an error in the specified argument. 

invalid source file[xxx] Source file xxx is not in the source line debug information. 


name.HEX NOT CLOSE The HEX file cannot be closed after loading. 
ERROR 








=> Check for diskette errors. 


Absolute specification is specifying an area outside the valid 
area. 






=> Check for diskette errors. 


? name.HEX DATA ERROR There is an error in the Intel hexadecimal file format or the 
Intel hexadecimal file address is invalid. 


= Specify a proper Intel hexadecimal file. Change the origin 
to point to the correct address. 





? name.HEX NOT OPEN HEX file cannot be found or the file cannot be opened. 


ERROR 
=> Check that the file exists on the diskette. 





No data There is no data. 


=> Check that the MCU information is in the DAT file and the 
DAT file version is correct. 


Symbolic information is not defined. 


no default value[xxx] There is no default for xxx. 








=> Explicitly specify the argument. 


no source line debug information | There is no source line debug information in the loaded SYM 
file. 


not enough memory There is not enough memory to start the shell. 









=> Expand the memory to 50000 bytes or more. 


? OFFSET MISS MATCH The range of addresses that can be specified in absolute 
specification mode is limited by the value offset mode value 
specified during realtime trace. This message appears when 
this limit is exceeded. 






= Specify a correct value corresponding to the offset mode. 






Out of heap space. There is insufficient memory. 
=> Expand the memory. 


PARAMETER? Number other than 0-9 is entered. 





=> Enter a decimal number between 0 and 9 as parameter. 


PARAMETER ZERO!! 0 is specified as the count for relative specification mode. 





= Specify a non-zero value as count. 


? PORT SET ERROR The #D or #S command was executed in M50734 mode with 
the DME signal output port P05 set to input mode. 





= Set the port mode to output. 


? programmable limit! MCU was | Memory modification is repeated in a loop in M50734 mode 
reset automatically and inaccessible area has been reached. 


= The target MCU is automatically reset to recover from the 
error. 


? START LINE<END LINE The start address exceeds the end address in absolute 
specification mode range specification. 


=> Keep the start value smaller than the end value. 


symbol file format error There is an error in the SYM file format. 


= Use SYM file generated with LINK74. 


too large section number[xxx] xxx exceeds the largest defined section number. 
too large line number[xxx] xxx exceeds the largest defined line number. 








APPENDIX B COMMAND SCOPE LIST 


B.1 Command Scope 
The scope of the following commands depend on the MCU (option board) being used. 
1. Difference in scope 


Table B.1 shows the scope of each command according to MCU. 





Table B.1 Command Scope by MCU 


M50740! F00016-FFFF16 000016-00FF16 
M50745 E80016-FFFF16 000016-00FFi6 
M50747! 800016-FFFF16 000016-013F16 
M50747 BANK0o-BANK3 000016-FFFF 16 
M50754 E00016-FFFF16 000016-027F16 
M50955! 800016-FFFF16 000016-027F16 
M37450! 800016-FFFF16 000016-0F EF 16 
M374504 000016-FFFF16 000016-013F16 
Microprocessor mode — 


M507342 000016—-FFFF16 000016—-FFFF16 


M371001 800016-FFFF16 000016-7FFF16 
Single chip mode 


1. Memory available to the debugger. Note that it is greater than the microcomputer ROM and 
RAM. 


















Notes 


2. Some areas are inaccessible depending on the program counter. Those areas are shown in 
Table B.2. 
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Table B.2 Area Inaccessible in M50734/M37450 Microprocessor Mode 


SFR (00D016-00FF16) Inaccessible when PC is 0OCE16-00FF16 


External memory other than SFR{Inaccessible when PC is 00CE16-00FF16 or is 
(when bank 7 is internal) external | 
External memory other than SFR} Entire area is inaccessible 

(when bank 7 is external) 


2. Difference in block stored with the O command 










The block to be stored with the O command may need to be entered depending on the MCU. 
This value is selected according to the address scope. 


Table B.3 shows the input value according to MCU. 


Table B.3 O Command Input Value by MCU 
MCU Mode Scope: Selection Input Value 
M50747 8-F 


8000 - 8FFF : 
Single chip mode 




















Amooa ww PrP WO © 
























M50747 
Microprocessor mode 
M50734 


(0000 OFFF : 

(1000 - 1FFF : 1) 
(2000 - 2FFF : 2) 
(3000 - 3FFF : 3) 
(4000 - 4FFF : 4) 
(5000 -— SFFF : 5) 
(6000 - 6FFF : 6) 
(7000 - 7FFF : 7) 
(8000 - 8FFF : 8) 
(9000 - 9FFF : 9) 
(A000 - AFFF : A) 
(BO00 - BFFF : B) 
(COO0O0 - CFFF : C) 
(D000 - DFFF : D) 
E000 - EFFF : E 
FOO0O0 - FFFF : F 


Value in (_ ) differs, depending 
on the bank setting contents. 


M50740 FOOO - FFFF : F 
Single chip mode | 


= , 
M50745 F800 - EFFF : E E or F 
Single chip mode FOO0O0 - FFFF : F 


MCU Mode Scope: Selection Input Value 
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M50754 FOOO - EFFF : E E or F 
a a mode FOOO - FFFF : F 


ae a mode 







M37450 
Single chip mode 







M37100 
Single chip mode 

















M50734 
(board without RTT function) 
M37450 

Microprocessor mode 


(0000 OFFF : 

(1000 - 1FFF : 1) 
(2000 -—- 2FFF : 2) 
(3000 - 3FFF : 3) 
(4000 - 4FFF : 4) 
(5000 - SFFF : 5) 
(6000 - 6FFF : 6) 
(7000 - 7FFF : 7) 
(8000 - 8FFF : 8) 
(9000 - OFFF : 9) 
(A000 —- AFFF : A) 
(BO00 - BFFF : B) 
(CO00 - CFFF : C) 
(D000 - DFFF : D) 
(E000 - EFFF : E) 
(FOOO - FFFF : F) 
(All area external?) 


Contents of () depends on the 
bank setting. 





















3. The difference between M50747 microprocessor mode and other modes. 


¢ Reset (Z) command 
The contents of the banks set on the option board are displayed when the reset command is 
executed. Figure B.1 shows an example. 


] Z<RET> 
0000 RAM(2K or 8K) 
2000 


4000 BANK1 





Figure B.1Z Command Execution Example in M50747 Microprocessor Mode 
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4. The difference between M50734 mode and other modes. 


e« Reset (Z) command 
The contents of the banks set on the option board are displayed when the reset command is 
executed. Figure B.2 shows an example of using RTT74 with PCA4034G02. 


] Z<RET> 
OXXX BANK O External BANK 1 External 
4XXX BANK 2 External BANK 3 External 


8XXX BANK 4 External BANK 5 External 
CXXX BANK 8 External BANK 7 Internal 
] 





Figure B.2 Z Command Execution Example in M50734 Mode 


¢ The display is the same as M50747 microprocessor mode when using the PCA4034 with a 
board without the RTT74 function, or when using the PCA4034R with RTT74. See Figure B.1. 


* Data memory area access, change command 
The D# and S# commands are used to access and change the contents of data memory in 
M50734 mode. 


The command syntax is the same as D and S commands, but "#" must be appended at the 
end of the command. 


The same symbols as program memory area can be used for data memory area. 


]D# e000, e010 

#E000 08 48 3F FF 1F FF 20 0C El 68 28 40 00 00 00 00 .H?..... h(@.... 
#E010 A2 

]S# E000 

RESET: 


INITIAL: 





Figure B.3 Data Memory Access Display Example in M50734 Mode 


* QD command Display 
The displayed result of the QD sonnet in M50734 mode differs with other modes. In this 
mode, the count, symbol, address, data, sync signal, read signal, write signal, DME signal, 
and external signal (4 bit) are displayed. 


The difference with other modes is that the DME signal is added, read and write signals are 


separated, and only 4 bits of the external signals are displayed. Figure B.4 shows a display 
example. 
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M50734SP 
ADDRESS DATA SYNC 
E025 00 
E026 85 
E027 06 


DATA HIGH: 0006 EB 
DATA HIGH: 0006 EA 
DATA CHK END: E028 EA 
TABLE ARRANGE: £029 EA 
TABLE ARRANGE: E029 EA 

E02A EA 

E02A EA 


FP OrOrRFOOOF Oo 
PrP PPP OFP FP FP PR 
2O0O Oo OrFRrrFAC Oo 
PPP PP PP PP PB 
PRP PPP RP PP PP Ww 
PPP PPP RP PRP RP DS 
PPP PPP PP PP Pe 
Pe RP PP PP PP PP Oo 





Figure B.4 Realtime Trace Access and Display in M50734 Mode 


Access disabled area 


When a board without RTT functions is used with the PCA4034G02 board and data is written 
1 byte below the access disabled area, an error occurs and the MCU is automatically reset. 


This error occurs because the address is automatically incremented when data is written in 
memory and consequently an inaccessible area is accessed. 


Difference between M37450 microprocessor mode and other modes 

The differences from other modes in M37450 microprocessor mode is the same as the case 
of a board without RTT functions (Board: PCA4034G02) in M50734 mode. Refer to 
“Differences from other modes in M50734 mode”. 

The difference between the M37450 microprocessor mode and other modes is the same as 


the case for board (option board: PCA4034G02) without RTT function in M50734 mode. 
Refer to "Difference between M50734 mode and other modes." 
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APPENDIX C. SETTING THE BAUD RATE 


This appendix describes how to set the baud rate of the PCs supported by RTT74. The operating 
system (OS) is MS-DOS (or PC-DOS). 


C.1 NEC PC-9801 Series and PC-98XA/XL/LT 
RTT74 can be used with NEC! PC-9801 series and PC-98XA/XL/LT computers. 
1. Setting serial |/O mode and transmission speed 


The transmission speed can be set by using the MS-DOS SPEED command. An example is 
shown below. 


A>SPEED RO 9600 B8 PN S2<RET> 


If XON is specified with the SPEED command, it is necessary to clear XON. In this case the 
command is entered as follows: 


A>SPEED RO 9600 B8 PN S2 NONE<RET> 
(a) RO: standard RS-232C interface. 
(b) 9600: set data transfer speed to 9600 
(c) B8: set data length to 8 bits 
(d) PN: no parity check 


(e) S2: set stop bits to 2 
(f) NONE: no XON/XOFF control 


C.2 IBM PC/XT/AT 

RT1T74 can be used with IBM? PC/XT/AT 

¢ Setting the serial |/O mode and transmission speed. 
The transmission speed of RTT74 is automatically set to 9600 bps when IBM PC/XT/AT is 
started. Therefore, the transmission speed of PC4000E must be set to 9600 bps with jumper 


switches on the internal board. 


Refer to the PC4000E operation manual for further information. 


1 NEC: Nippon Electric Corporation 
2 IBM: International Business Machines 
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APPENDIX D. CABLE CONNECTION 
The following are the cable connections of computers supported by RTT74. 


D.1 NEC PC-9801 series and PC-98XA/XL/LT 

RTT74 can be used with NEC PC-9801 series and PC-98XA/XL/LT computers. 

* Connection between PC-9801 series or PC-98XA/XL/LT computers and the PC 4000E 
The connection between the PC-9801 series or PC-98XA/XL/LT computers and the PC 
4000E is made with a cable attached to the PC 4000E. Refer to the PC 4000E operation 
manual for further information. 

D.2 IBM PC/XT/AT 

RT1T74 can be used with the IBM PC/XT/AT computers. 


To connect an IBM PC/XT/AT and PC4000E, the cable attached to the PC4000E must be 
modified as follows. 


1. Obtain a D-sub 25 pin female connector. 


2. Open the connector housing marked "HOST" on the cable attached to the PC 4000E, and 
pull out the D-sub male 25 P connector. 


3. Cut each wire connected to the male connector and connect each wire to the same pin of the 
female connector. In other words the male and female connectors are replaced without 
changing the pin connections. 

4. Insert the replaced female connector in the housing. 


After the cable is modified, connect the IBM PC/AT/XT and the PC4000E according to the 
PC4000E operation manual. 


rt 


[Precautions when using a 9-pin cable] 
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When a personal computer is equipped with a 9 pin type connector, such as the Mitsubishi 
Electric MAXY, connection can be made with the following cables. 


The type name of the RS9-pin cable is "MSCH-TOOL-H" and its specification is "RS9-pin 
cable". | 


Fig. D.1 shows the wiring diagram. 


The PC4000E can be connected to MAXY with its serial I/O switch JP1 set to its factory 
setting MULTI16. (Different from IBM-PC setting.) | 


[> ——<] 


PC4000E side HOST side 





Figure D.1 RS9-pin Cable Connection 


APPENDIX E. RTT74 SPECIFICATIONS 
E.1 Standard Environment 


Conditions listed in Table E.1 are presumed to be under the standard MS-DOS environment. 


Table E.1 MS-DOS standard environment 
nem Specifcation 


Memory capacity The user available memory capacity is 256 KB. 


This value is the result of the MS-DOS standard CHKDSK 
command. 





E.2 RTT74 Specifications 
The RTT74 specification under standard MS-DOS environment is as follows: 
e Number of characters that can be entered in a command line 
127 characters maximum (the rest is ignored) 
¢« Allowed number of symbols 


Six files (TEST1.A74-TEST6.A74) are created each containing 1000 global label definitions 
with as shown in the program in Figure E.1. Each label is 8 characters long. 


Each file is assembled and the six files are linked to create a SYM file (TEST.SYM) 
containing information for 6000 symbols. 


When this file is loaded, approximately 3300 global labels are available when there is 256K 
bytes of free space with the CHKDSK command as shown in Figure E.3. 


TEST1.A74 

.section 
:JCFU0O0O]L: nop 
:Z2QSQ0002: nop 
: LMIROO0O03: nop 


:GPSU0N998: 

sASAV0999:; 

:SPHR1000: 
.end 





Figure E.1 Global Symbol Registration Sample Program (TEST1.A74) 





A>SRA74 TEST1<RET> 


MELPS 740 SRA74 V.1.01.01C 


Copyright 1989, 


1990, MITSUBISHI ELECTRIC CORPORATION 


AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


now processing pass 1 


Se Si cs’ ce San Se 


x 


now processing pass 2 


oe ae ee ee KE ee a 


ERROR 


—_x 


COUNT 


WARNING COUNT 
STRUCTURED STATEMENT 
LINE ( SOURCE ) 
LINE ( OBJECT ) 
LINE ( SOURCE ) 
LINE ( OBJECT ) 


TOTAL 
TOTAL 
COMMENT 
COMMENT 
OBJECT 
A>SRA74 


A>SRA74 


A>SRA74 


A>SRA7 4 


A>SRA7 4 


SIZE ( p 
TEST2<RET> 


TEST3<RET> 
TEST4<RET> 
TEST5<RET> 


TEST6<RET> 


A>LINK74<RET> 
MELPS 740 LINKER V.1.01.01C 
Copyright 1989,1990, MITSUBISHI ELECTRIC CORPORATION 

AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


Relocatable files (.R74) 
(. LIB) 


Libraries 


Section information 


Command parameter 


now processing pass 1 


processing "TESTI. 


processing "TEST2 
processing "TEST3 


processing "TEST4. 


processing "TEST5 
processing "TEST6 


R74" 


~R74" 
~R74" 


R74" 


~R74" 
~R74" 


) 


00000 
00000 
00000 
01003 
01003 
00001 
00001 
01000 


( TEST1.A74 ) 


( TEST1.A74 ) 


LINES 
LINES 
LINES 
LINES 
LINES 
(03E8) BYTES 


>> TEST1 TEST2 TEST3 TEST4 TEST5 TEST6 


>> 
>> P=C000 
>> -S -FTEST 
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now processing pass 2 
processing “TEST1.R74" 
processing "TEST2.R74" 


processing "“TEST3.R74" 


processing "TEST4.R74" 

processing "TEST5.R74" 

processing “"TEST6.R74" 

TOTAL ROM SIZE 6000 (1770H) BYTES 
TOTAL RAM SIZE 0 (0H) BYTES 


Figure E.2 Assemble and Link Example 


A>CHKDSK<RET> 


Volume RAM-DRIVE created 1991-3-4 3:00 


2022912 bytes total disk space 
O bytes in 1 hidden files 

490496 bytes in 18 user files 
1532416 bytes available on disk 


655360 bytes total memory 
256384 bytes free 


A>RTT74 -HOST=IBMPC -MCU=M37471 TEST.SYM<RET> 
MELPS 740/M38000 DEBUGGER CONTROL SOFTWARE V.2.10.00C 


Copyright 1989, 1990, 1991, MITSUBISHI ELECTRIC CORPORATION 
AND MITSUBISHI ELECTRIC SEMICONDUCTOR SOFTWARE CORPORATION 
All Rights Reserved. 


HOST MACHINE --> IBM PC/XT/AT 


DEBUGGER SYSTEM ---> PC4600 
MONITOR se=> Vel 01-0 
MCU ---> M37471 


Out of heap space 

GLOBAL SYMBOL LOADED 

TEST.SYM LOAD END --> 3305 SYMBOLS DEFINED 
> 


Figure E.3 Execution Example 








E.3 Precautions when Using RTT74 


As 
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Program location used for debugging 
The source file must be coded so that the final address is FFFFH. 
(Example) 


With M37410M4-XXXFP, the ROM address is 2000-3FFF, however the source file must be 
set to 3FFFH to FFFFH. 


Stack size required by the debugger 


During debugging, the option board uses 1 to 6 bytes of stack memory. The contents of the 
memory pointed by the stack pointer cannot be accessed. 


Refer to the board's operation manual for more information. 


INDEX 


;(comment-line) 1-54 
? (help) 1-51 

| (shell-escape) I-53 
740DAT 1-12, Il-17 

9-pin cable D-2 


A 
A (assemble) 1-16 


B 
BP (breakpoint) [batch format] I-21 
BP (breakpoint) [menu format] [1-25 


C 
Command lists I-11, [I-16 
CV (Coverage Analysis) [I-27 


D 
D (dump) I-18 
DAT file 1-2 


E 
Environment variables 1-12, Il-17 


F 

F (fill) 1-19 

Flag notation 1-14, Il-19 
Flag display I-14, [I-19 


G 

G (go) [option board] I-20 

G (go) [PC4600] II-29 

GB (go with break_table) [I-30 
GL (go with line number) [-22 


H 
HEX file 1-2, II-5 
HLP file 1-2, II-5 


HOST option I-4, Il-8 


I 
| (input) 1-24 
loption 1-4, [l-8 


L 
L (list) 1-26 


M 
M (move) 1-28 
MAP II-31 


Mask data I-23 


MCU II-33 
MCU option II-8 
MCU files I-15 
O 


O (output) 1-29 
Option board system 1-2 


p 
P (pass count) 1-30 
Prompt 1-5, Il-3, Il-9 
PROTECT break I-63 


Q 

QC (condition) [option board] 1-31 
QC (quest condition) [PC4600] 11-35 
QD (quest-data) [option board] 1-32 
QD (RD)(quest-data) [PC4600] I-37 
QL (quest-list) [option board] 1-36 
QL (RL)(quest-list) [PC4600] I-40 
QP (quest-point) [batch format] Il-42 
QP (quest-point) [menu format] I-46 
QUIT 1-39 


R 
Register notation I-13, Il-19 


S 

S(set) 1-40 

SCOPE 1-41 

SHOW SOURCE (show source file) 1-43 
SI (section-information) 1-46 

Startup options I-14, II-8 

STOP II-48 

SYM file 1-2, 1-5 

Symbolic debugging function 1-55 


T 
T (trace) 1-47 


U 
U (untrace) 1-48 


X 
X(examine) 1-49 


Z 
Z (reset) 1-50 
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Overseas Marketing Manager 
Kita-Itami Works 

4-1, Mizuhara, Itami-shi, 
Hyogo-ken 664, Japan 

Telex: 526408 KMELCO J 
Telephone: (0727) 82-5131 
Facsimile: (0727) 72-2329 








HONG KONG 
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4600 South Ulster Street 
Metropoint Building, 7th Floor 
Denver, CO 80237 

Telephone: (303) 740-6775 
Facsimile: (303) 694-0613 


SOUTHWEST 

Mitsubishi Electronics America, Inc. 
991 Knox Street 

Torrance, CA 90502 

Telephone: (213) 515-3993 
Facsimile: (213) 217-5781 


SOUTH CENTRAL 

Mitsubishi Electronics America, Inc. 
1501 Luna Road, Suite 124 
Carrollton, TX 75006 

Telephone: (214) 484-1919 
Facsimile: (214) 243-0207 


NORTHERN 

Mitsubishi Electronics America, Inc. 
15612 Highway 7 #243 
Minnetonka, MN 55345 

Telephone: (612) 938-7779 
Facsimile: (612) 938-5125 


NORTH CENTRAL 

Mitsubishi Electronics America, Inc. 
800 N. Bierman Circle 

Mt. Prospect, IL 60056 

Telephone: (312) 298-9223 
Facsimile: (312) 298-0567 


NORTHEAST 

Mitsubishi Electronics America, Inc. 
200 Unicorn Park Drive 

Woburn, MA 01801 

Telephone: (617) 932-5700 
Facsimile: (617) 938-1075 


MID-ATLANTIC 

Mitsubishi Electronics America, Inc. 
800 Cottontail Lane 

Somerset, NJ 08873 

Telephone: (201) 469-8833 
Facsimile: (201) 469-1909 


SOUTH ATLANTIC 

Mitsubishi Electronics America, Inc. 
2500 Gateway Center Bivd., Suite 300 
Morrisville. NC 27560 

Telephone: (404) 368-4850 
Facsimile: (404) 662-5208 


SOUTHEAST 

Mitsubishi Electronics America, Inc. 
Town Executive Center 

6100 Glades Road #210 

Boca Raton, FL 33433 

Telephone: (407) 487-7747 
Facsimile: (407) 487-2046 


CANADA 

Mitsubishi Electronics America, Inc. 
6185 Ordan Drive, Unit #110 
Mississauga, Ontario, Canada L5T 2E1 
Telephone: (416) 670-8711 

Facsimile: (416) 670-8715 


Mitsubishi Electronics America, Inc. 
300 March Road, Suite 302 

Kanata, Ontario, Canada K2K 2E2 
Telephone: (416) 670-8711 
Facsimile: (416) 670-8715 





GERMANY 
Mitsubishi Electric Europe GmbH 
Headquarters: 

Gothear Str. 8 

4030 Ratingen 1, Germany 
Telex: 8585070 MED D 
Telephone: (02102) 4860 
Facsimile: (02102) 486-115 





Munich Office: 
ArabellastraRe 31 

8000 Miinchen 81, Germany 
Telex: 5214820 
Telephone: (089) 919006-09 
Facsimile: (089) 9101399 





FRANCE 
Mitsubishi Electric Europe GmbH 
55, Avenue de Colmar 

92563 Rueil Malmaison Cedex 
Telex: 632326 

Telephone: 47087871 

Facsimile: 47513622 











ITALY 
Mitsubishi Electric Europe GmbH 
Centro Direzionale Colleoni 
Palazzo Cassiopea 1 

20041 Agrate Brianza |-Milano 
Telephone: (039) 63601 1 
Facsimile: (039) 6360120 








SWEDEN 
Mitsubishi Electric Europe GmbH 
Lastbilsvagen 6B 

5-19149 Sollentuna, Sweden 
Telex: 10877 (meab S) 
Telephone: (08) 960468 
Facsimile: (08) 966877 


U.K. 

Mitsubishi Electric (U.K.) Ltd. 
Travellers Lane 

Hatfield 

Herts AL10 8XB, England, U.K. 
Telephone: (0044) 7072 76100 
Facsimile: (0044) 7072 78692 





AUSTRALIA 
Mitsubishi Electric Australia Pty. Ltd. 
348 Victoria Road 

Rydalmere Nsw 2116, Australia 

Private Bag No.2 Rydalmere Nsw 2116 
Telex: MESYDAA 126614 
Telephone: (02) 684-7200 

Facsimile: (02) 638-7072 
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